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plane S0KVBYING 


0 Md dimwn to m «i»ggermted scale. The area abode representing 
to aeale, the am AJBODE. It may be desirable to set up the 
0QIII9 Other point, as for instance one of the corners of the 
field, and ran out aooie of the lines to the other corners as a check 

npoD the wcsHk. 

TravmiaC* ^ ^ lUetiiod of Progression. This method is 
pnmioaUy the as the method of surveying a series of lines 
aith the tiansit, bat reqairee that all of the points be accessible. 
Il ii the bast method of working as it provides a complete check 

apoa theaorr^. 

Let ABODE, Fig. 126 , be the 
series of lines to be surveyed by 
traversing. Set up the table at 
B, the second angle of the line, 
so that the point h upon the paper 
will be directly over the point 
B upon the ground. (The point 
h should be so chosen as to leave 
room upon the paper for as much 
127 . of the traverse as possible.) Stick 

a needlo at the point h and place 
the edge of the alidade against it. Swing the alidade around until 
the line of sight covers the point A. Measure BA and lay it off to 
the pro}H.T scale as la. Now turn the alidade around the point h 
and sight to and measure the distance BO and plot it to scale as he. 
Remove the instrument toe with the point c upon the paper directly 
i»\erC u{)on the ground, and rh in the direction of CB. This is diffi- 
cult to accomplish with the plane-table, but if the plot is drawn to 
.1 lariTe scale, it must be done. If the plot is drawn to a small scale, 
it will ]te sufficiently accurate to set the table over the point C as 
nearly as pn-^ibl e in tlie proper direction and then turn the laard 
in a/iiiiutli until h is in the direction of B. Stick a needle at and 
.•}K*vk ibe length of < h, Swing the alidade around e until the line 
.•r -I^dit cDVers D, measure CD and plot rY?. Remove to D and 
prui'e-d a-- ln*ft»re and so on through the traverse. 

If the survey is of a clo.-ed field, the accuracy of the work 
wdl he cheeked by the closure of the survey. 



PLANE SURVEYING 


IS] 


The method of progreesioQ is eepecially adapted to the soirey 
of a road, the banks of a river, etc., and often many of the details 
may be sketched in with the eye. 

When the paper is filled, pat on a new sheet, and pn it, fix 
two points, such as D and E, which were on the former sheet and 
from them proceed as before. The sheets can afterward be united 
so that all points on both shall be in their true relative positions. 

riethod of Intersection. This is the most rapid method of 
using the plane-table. Set up the instrument at any convenient 
point, as A in Fig. 127 and sight to all the desired points sls D, £, 
F, etc., which are visible, and draw indefinite lines in their direc- 
tions. Measure any line as AB, B being one of the points sighted 
to, and plot the length of this line upon the paper to any convenient 
scale. Move the instrument to B so that b upon the paper will be 
directly over B upon the ground, and so that ba upon the paper 
will be in the direction of BA upon the ground as explained under 
the method of progression. Stick a needle at the point h and 
swing the alidade around it, sighting to all the former points in 
succession, and draw lines in their direction. The intersection of 
these two sets of lines to the several points will determine the 
position of the points. Connect the points as //, *\t\ in the 
figure. In surveying a field, one side mav be taken as the base 
line. In choosing the base line, care mu^t be exercised to avoid 
very acute or obtu&e angles: 30' and loU being the extreme limits. 
The impossibility of always doing this, sometimes renders this 
method deficient in jirecisiun. 

TOPOGRAPHICAL SURVEYING. 

A topographical map is one showing the configuration of the 
surface of the ground of the area to be niaj.ped arid include - hik**- 
rivers, and all other natural features, and soinetiiiK-s artiliciul 
features as well. 

A topographical survey is one coiiductc<i for the jiurpuse of 
acquiring information necessary for the production of a tojiograph- 
ical map of the area surveyed. 

Nearly all engineering enterprises involve a tojiographical 
survey more or less extended, depending upon the nature and 
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Foreword 


O F all the works of man in the various branches of en- 
gineering, none are so wonderful, so majestic, so awe- 
inspiring as the works of the Civil Engineer. It is the Civil 
Engineer who throws a great bridge across the yawning chasm 
which seemingly forms an impassable obstacle to further 
progress. He designs and builds the skeletons of steel to dizzy 
heights, for the architect to cover and adorn. He burrows 
through a great mountain and reaches the other side within a 
fraction of an inch of the spot located by the original survey. 
He scales mountain peaks, or traverses dry river beds, survey- 
ing and plotting hitherto unknown, or at least unsurveyed, 
r(‘gions. Il(‘ builds our Panama Canals, our Arrow Rock and 
R()()S(»v(*lt Dams, our water-works, lillration plants, and ])rac- 
tically all of our |j;n‘al public works. 

^ Pin* importanc(‘ of all of tlu^se imirumse (‘ngin(‘(‘ring 
proJ(‘«’ts and lli" for a (di‘ar, non-t(‘chnical pr(‘S(‘ntation of 

tin* t li«M ii'ot ical and j)ractical d(‘Vc‘lopnu‘nts of the broad Held 
<d‘ (’i\d DiigiiioorniK has UmI tlu‘ puhlisluu-s to com])ile this 
gi-rat roft*ronco work. It has Imhui their aim to fullill tlu‘ de- 
mands of tli(‘ traini‘(l (‘ngin(‘er for aiitlioritative material which 
\sill sidvo the prol)l(*ms in his own and allied lines in Civil 
iMiginetTing, as well as to satisfy the desires of the self-taught 
practical man who attempts to keej) up wdth modern engineer- 
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CL Books on the several divisions of Civil Engineering ar 
many and valuable, but their information is too voluminous t 
be of the greatest value for ready reference. The Cyclopedia o 
Civil Engineering offers more condensed and less technics 
treatments of these same subjects from which all unnecessar; 
duplication has been eliminated: when compiled into nin 
handy volurqes, with comprehensive indexes to facilitate tb 
looking up of various, topics, they represent a library admirabl; 
adapted to the requirements of either the technical or th 
practical reader. 

C. The Cyclopedia of Civil Engineering has for years occupiec 
an enviable place in the field of technical literature as s 
standard reference work and the publishers have spared n< 
expense to make this latest edition even more comprehensiv< 
and instructive. 

C. In conclusion, grateful acknowledgment is due to the stafl 
of authors and collaborators — engineers of wide practical ex 
perience, and teachers of well recognized ability — withoul 
whose hearty co-operation this work would have been im- 
possible. 
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PLANE SURVEYING, 

PART I. 


Surveying is the art of determining, from measurements made 
upon the ground, the relative positions of points or lines upon the 
surface of the earth and of keeping records of such measurements in 
a clear and intelligent manner so that a picture (called plat) may be 
made of the lines or areas included in the survey. The records 
should be systematically arranged so that any person with a 
knowledge of surveying can use the notes intelligently. The field 
operations consist essentially of locating points, measuring lines 
and angles, measuring areas and laying out and dividing up areas. 
It is apparent that Arithmetic and Geometry are essential to the 
successful application of the principles of Surveying. 

The subject may be divided into two parts: Plane Surveying 
and Geodetic Surveying. 

In Plane Surveying, the portion of the earth included in the 
survey is regarded as a horizontal plane; in other words, the curva- 
ture of the earth’s surface is neglected. In the ordinary operations 
of land surveying this assumption will not cause appreciable error 
as the lines and areas dealt with are of a limited extent. 

As Geodetic Surveying, on the other hand, deals with extensive 
lines and vast areas, the effect of tlie curvature of the earth’s sur- 
face must ho taken into consideration. 

All of tlie o|)erations of surveying must proceed from the 
direct to the indirect. Tliat is to say, we must first measure 
directly certain quantiticjs upon the ground and from these calcu- 
late certain other quantities that cannot he measured directly, it 
is, therefori‘, apparent that all field measurements must he uuuh^ 
with the utmost care, consistent with the nature of the problem 
involved, and that habitual inaccuracy and slovenly methods of 
keeping field notes must he avoided. Full details accurately 
measured and carefully and systematically recorded should be the 
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Measurement of lines. Probably tbe most elementary prob- 
lem that presents itself is to measure the horizontal distance be- 
tween two points without the use of instruments. 

This can best be done by pacing, provided both points are 
accessible. In order to make this method of measurement eflScient, 
it is necessary to determine as accurately as possible the length of 
one’s pace. To do this, lay off upon firm, level ground by any 
convenient method, a line from 60 to 100 feet in length. Pass 
over this line from end to end, back and forth, keeping careful 
account of the number of steps taken each time the distance is 
covered. The total distance traversed, divided by the total number 
of steps will give the average length of one’s pace. In thus 
ascertaining the length of the pace do not attempt to cover three 
feet at every step. It is better to adopt a natural, swinging gait. 

Having thus determined the length of one’s pace, the distance 
between two points may be measured approximately by walking 

in a straight line from point to point 
and counting the number of stops. 
This number multiplied by tlio length 
of step will give the length of lino 
required. If the intervening sjKiet* 
between the points cannot ho trav- 
ersed, as for instance when the two 
points are on opposite sides of a stream, the widtii of tlu^ stnsam may 
be ascertained approximately by stationing an ohstn-vm* on each 
side and noting the time elapsing between tlu^ Hash of a pistol 
and the sound of the report. This interval, in st^conds, mult ipl it‘<l 
by 1,090 (velocity of sound in feet per second) will giv(‘ tln‘ diw- 
tance in feet. Proper allowance must he made for direction ami 
intensity of wind and therefore measurements of this kind had 
best be made upon a quiet day. 

Another elementary problem frequently met witli is as follows: 
Required to determine the altitude of an object such as a house or 
a tree, without the use of an instrument. 

To solve this problem, take an ordinary lead pencil and liold 
it in a vertical position about two feet from the eye, the observer 
being far enough from the object for the visual angle interce})ted 
by the pencil to iust cover the obiect from tn-n hnffrwv. 



Fig. i. 
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observer then paces the distance from his position to the object. 
The height of the object is determined as follows : 

Let A 5 Fig. 1, represent the position of the observer's eye; 
BO the pencil held at the distance AD from the eye; EF the object 
whose height is to be ascertained. AH is the distance from the 
observer to the object and is to be paced. Then from similar 
triangles we have 

BC : EF : : AD : AH, or EF = 

’ AD 

For example, suppose the pencil is seven inches long and is 
held at a distance of two feet from the eye; the distance from the 
observer to the object being 85 feet. Then from the formula 

^X86 

EF = ^ — = 24.8 feet nearly. 

In this, as in other problems, all quantities should be reduced to 
the same units. 

The examples just given must be understood as illustrations 
merely and the student should avoid slipshod methods ; under- 
standing that his best efforts will be needed in all surveying prob- 
lems, and that the best is none too good. 

SURVEYING WITH INSTRUMENTS. 

Gunter’s Chain, so called from the inventor, is well adapted 
to all classes of problems involving the calculation of areas from 
lines measun‘d in the field. For many years this chain has been 
the English linear unit for all land measurements. It should l)e 
made of steel; it is (>0 feet or 4 rods in length and has 100 links, 
each 7.02 inches. The handles are fitted with swivels to prevent 
the chain froiti kinking, and at every tenth link from either end is 
attached a brass tag with 1, 2, 3 or 4 prongs to assist in measuring. 
Thus the tag of four prongs indicates 40 links from one end, (See 
Fig. 2) but it represents 00 links from the other end; therefore 
care must be exercised in measuring, or distances may be measured 
from the wrong end of the chain. The 50-link mark is round 
in form so that it may be easily distinguished from the other tags- 
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and links; it is written thus: 15 chains and 82 links is 16.82 
chains. 

It is true that this chain is rapidly going out of use, yet one 
should be thoroughly acquainted with it, because many of the land 
records in this country are based upon it. In computing areas, 
the chain has the advantage that square chains are easily reduced 
to acres by simply moving the decimal point one place to the 



Fig. 2. 


left; for example, a chain is fifi feet; the square would he ()(> x <>() = : 
4356 square feet, which is of an acre. A r(‘ct;nin ulur lot hay. 
ing two sides of 6.32 and 2.15 cluiins res[)ectiv(‘ly - l.'ho^SO 
square chains or 1.3588 acres. 

GUNTER’S OR LAND MEASURE. 

7.92 inches 1 link 

100 links or 66 feet or 4 rods 1 cliain 

10 square chains or 4 roods 1 acre ^ ■ 435()() s(|uar('i hiet 

640 acres 1 s(]iiaiH‘. mile 

A two-rod or half chain is soinetii!i(\s used instt‘ad of lln^ full 
Gunter’s chain. Its only advantag(i is in the con vcni(‘nct‘ of ha!id- 
ling a shorter chain when working over uneviui ground. Korimu-ly 
the engineer’s chain was almost universally em ployiMl in making 
surveys for surface canals, sew^'ers, water-works systtnus, etc. It 
differs from the Gunter’s chain in that is 100 feet in lemrth and con- 
tains 100 links, each of which is, therefore, 1 foot long. 

The unit of linear measure in the United States is the foot. 
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In measuring lines, a chain 100 feet long, divided into 100 links, 
is now in use. Distances are recorded in feet; decimals of a foot 
being used when possible. In cities where accurate and precise 
measurements are necessary, various kinds of tapes are used having 
the foot divided decimally. 

It has been decided both by custom and law that the length of 
the boundary lines of a field is not the actual distance on the surface 
of the ground, but is the projection of that distance on a horizontal 
plane. The area of a field is not the exposed superficial surface, 
but as above stated, the projection of that surface on a horizontal 
plane. For this reason^ in all land surveying^ horizontal dis- 
tances are to be measured and from these the areas computed. 

The Gunter’s chain, as well as the engineer’s chain, is a very 
inaccurate device for measuring distances and areas unless special 
precautions are taken to counteract the errors to which it is liable. 
Some of these errors are cumulative and some compensating, and in 
what follows no attempt will be made to classify them. Some of 
the causes of errors will be pointed out and the surveyor should 
do all in his power to eliminate them. 

The chain will sag between supports and thus the distance 
measured will be too short. This is sometimes allowed for by 
making the chain a given amount longer than the standard. Again, 
the chain may be standard under a certain pull and temperature, 
and for very precise work a spring balance is attached to one end 
of the chain to register the pull. A thermometer also is provided 
but is of little value from the fact that the temperature of the 
chain may vary considerably from that of the atmosphere. Still 
fiirtlier, the length of the chain is likely to be increased from the 
wear of the links and connections. Each link with its connec- 
tion has six wearino; surfaces so that if each surface is worn a\\\. , 
but , 1 inch the chain will elongate (> inches. The rings and 
loops at the end of the links are frequently stretched out of tin* 
true forhi, thus elongating the chain; or the links may become 
bent, thus shortening the chain. In pulling the chain over the 
ground the links and rings have a tendency to collect weeds, mud, 
etc., and thus shorten the chain. In cold weather, ice and snow 
may collect in the joints with the same result. In using the chain, 

fUtt lir>lra Qnrl rn’iirra VinV anfl fwief Qnfl si TPrlr TnsiV 
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the chain. For these reasons the chain is not at present used as 
much as formerly. 

The Tape, Tapes are made of various materials and are known 
as linen, metallic and steel. 

Linen tapes, from the nature of the material, are likely to twist 
and tangle and when wet are easily stretched; for these reasons 
they do not long retain their standard length. They are used only 
in the roughest kind of work. Metallic tapes have a linen body 
with threads of copper or brass running throughout their length. 
These metallic threads prevent twisting and tangling and in a gen- 
eral way assist in preserving the standard length of the tape. They 
are better than linen tapes but not suitable for “good” work. 

Steel tapes are of two kinds, “ribbon” and “band.” Eibbon 
tapes are made of thin steel about § inch wide. They are usually 
made in lengths of 50 or 100 feet. They are divided into feet, 
tenths and hundredths of a foot, the divisions being etched upon 
the tape. The othersideof the tape is sometimes divided into rods 
and links to adapt it to land surveying, and it is either wound up 
into a leather case or upon a reel. 

Eibbon tapes are generally used when considerable accui-acy 
in measurements is required, such as laying out foundations foi- 
buildings, bridge piers, measuring up sewer lines, etc. From tin* 
nature of their construction, they will not stand much wcair and 
tear, and are therefore not adapted to the rongli usnagi' of general 
field work. If carried in the case or reel, on account of the sliarj) 
bend at the center, the tape will soon break oil' at that poim. 
After use in the field, the tape should he carefully wiped oil' mid 
oiled if necessary, as the rust will ol)litt*rate the graduations and 
make it difficult to read. In using the rihhon tape in tlu' lic-ld, 
care must be exercised to prevent twisting and kinking or catching 
under sticks or stones, as a slight jerk will break it. 


The band tape is best adapted to general field woi'k and to 
rough usage. It is made of heavy steel about , of an inch wide 
and 100 feet long, divided into feet; usually the first and last foot 
are divided into tenths. The one-foot divisions may he marked 
by rivets, although the i-ivets tend to w'eaken the tapm ^riiey are 
sometimes marked by solder, which is notched at the iiroiier iioint 
and stamped with the number. They are usually fitted with liuht, 



PLANE SUEVEYING 


9 


detachable handles for use in the field, but these are easily displaced 
or often lost in dragging the tape over stones or through grass. It 
is better to fit the tape with leather handles large enough to easily 
go over the hand. After use, the band tape should be gathered 
up in loops about three feet long and tied in the middle forming a 
figure eight. If it is desirable to wind the tape upon a reel, there 
are at present upon the market, several styles of reels, stiff in con- 
struction and convenient to carry. 

The tape, like the chain, is likely to change 
in length due to changes of temperatures, and /] 

unless the proper pull is applied to the ends [ j 

it will measure short of the standard. Al- 1 / 

together it is more accurate than the chain and J f 

of late years has largely replaced it for all J/ 

kinds of field work. Indeed, with proper 
precautions, it has been found possible to 
obtain nearly as accurate results as with the 
most elaborate apparatus designed for meas- jjjjjjlH I 

uring lines. J 

Since the methods of using the chain in 
the field are the same as for using the tape it 
will be sufficient to explain the methods of 
using the latter. The Tape. 

Ill connection with the tape there should be provided a set of 
eleven marking pins from lo to IS inches in length. To each pin 
should be attached a piece of red flannel to prevent its being over- 
looked in the grass. There should also be provided two rods 
(called Hags), from () to 8 feet in length divided into foot lengths 
and painted alternately red and white. These rods are sometimes 
constructed of straight white pine, but |-inch gas pipe fitted with 
a steel shoe is better. It is desirable also, to provide a plumb-bob 
and strino;, and a hatchet. 

Use of the Tape or Chain. For measuring a line with the 
tape, two men are required, a ^•leader” and follower,” or hedil 
and rear tapenien. The first step is to set one of the flags at the 
far end of the line to be measured, or if the line is too long, only 
as far ahead as can be distinctly seen. It is best to mark the 
beginning of a line with a stake driven as closely to the ground as 
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circumstances will permit. The tape is then unrolled or unfolded 
in the direction of the line, the 100-foot mark going ahead. The 
leader takes the pins and the forward end of the tape and with a 
flag walks off in the direction of the forward end of the line, 
dragging the tape after him. "When nearly one hundred feet away 
the follower cries “ down ” and the leader faces the follower holding 
the flag Tertically to be signalled into line by the follower. The 
tape is then stretched and straightened and a pin stuck vertically 
into the ground exactly at the 100-foot -mark. The leader then 
picks up his end of the tape and starts off as before, the process 
being repeated each time, except that the follower must be particular 
to pick up each pin that is left in the ground by the leader. 

If the line is more than eleven tapes in length, after the 
leader has stuck his last pin he cries “pins” and the follower 
delivers to him the ten pins that he has picked uj). If tlie line to 
be measured is very long, some method should be adopted foi- 
keeping count of the number of times the pins have been exchanged. 
If the line ends with less than the length of a tape, the h-ader pulls 
out the tape to its full length, not sticking a pin, liowa'vcr, and 
then walks back and notes the distance from the last pin to I lie end 
of the line. This distance added to the luimher of pins held by 
the follower, including the last one stuck, will give i1h‘ distance 
from the point at which the pins were exchanged. For instance, 
if the follower has six pins and the end of the hue is lir, feet fr„Mi' 
the last pin, the entire distance from the point of exchange of pins 
is 065 feet. It must be remembered that each exchange of pins 
counts for 10 tape lengths or 1,000 feet. 


Chaining on Slopes. One of the most important iisi's of the 
chain is to measure accurately distances where the surface of the 
land is uneven or of a sloping nature. In measuring up or don n 
a slope, one end of the tape is raised until the top is as nearly as 
possible in a horizontal plane. If the slope is too steep to permit 
of one end of a full tape being raised enough to brim, the tape 
horizontal, the tape is “broken,” that is to say. only a mirt of the 
tape IS used at each measurement. To do this the tape should be 
stretched to its full length, the leader returning to such a point 
upon the tape that the portion between himself and tlie follower 
may be properly leveled. A measurement is made with this por- 
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tion, tlie operation being repeated with the next section of tape and 
so on until the entire tape has been used. Care should be taken 
not to confuse the pins. The high end of the tape may be trans- 
ferred in any one of several ways, depending upon the degree of 
accuracy required. For great accuracy, a plumb-bob should be 
used but it should not be dropped and the pin placed in the hole 
made. It should be placed about where the bob will drop and the 
grass should be tramped down and the ground smoothed. The 
bob should then be lowered carefully until it almost touches the 
ground and allowed to come to rest. Then lower it until it reaches 
the ground when the pin should be stuck in the ground slantwise 
across the line exactly at the point of the bob. If less accuracy is 
permissible, it may be sufficient to drop the pin, ring end down 
and note where it strikes the ground, or a pebble may be dropped 
in the same way. In measuring uphill, the follower must hold the 
bob directly over the pin in the ground while he aligns the 
leader and sees that he sticks the pin while the bob is directly 
over the point in the ground. It is much easier to measure down 
than up hill so that when close measurements are required on 
slopes, the measurement should, if possible, be made down hill. 
Even under the most favorable conditions measuring lines with a 
tape is a most difficult operation for experts, and beginners cannot 
expect to attain efficiency exce])t by constant practice and careful 
attention to every detail that will tend to eliminate error. For the 
method of cliainiiig u])and down hill, see Fig. 8. 

Let it 1)0 re(juired to find the distance Ail, at which ])oints 
two hul)s liav'o ])een established. Let A J] (’ 1) E F, etc., he tlie 
j)oints of the successive chaining and r </, etc., the horizontal 
])lanes. Starting from the point A; suppose the surface between 
A and J> to be of no oreat difference in elevation, therefore, the full 
huigth of the chain can l)e used between these two ])oints. The 
liead chain man goes to the point B, and holds the head end of the 
chain on the ground, while the rear chainmaii holds the zero end 
at A and W'itli aid of the jdumb-bob ^*j)liimhs dowm,''* thus chain- 
ing* the distance horizontal. This distance measured, the head 
chainman establishes a peg in the ground and calls out the dis- 
‘•.OiiM C3t«tinn one tlien to C. whicli must 
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veniently plumb down to B. In tliis cas© tlio slop© of th© hill is 
greater than that between A and B, thus th© impracticability of 
using the full length of the chain is apparent. This distance, 
therefore, is taken at a fractional part of th© chain, as before stated, 
called “breaking the chain.” The distances at such breaks should 
always be taken at an even number of feet whenever possible and 
at distances that are easily remembered, as 10, 20, 26, 50 feet, etc. 
Th© leader in every instance calls out the distance of such “breaks” 
and the rear chain man goes to the next peg and holds off th© num- 
ber of feet previously called out. Now as the distance A B is 100 
feet and the distance B 0 40 feet, the head chainman at C calls 
out “1 plus 40,” meaning 140 feet from A. He next goes to T) and 
the rear chainman calls out the distance measured “1 plus 40” and 
holds off 40 feet at i, and plumbs down to C. In this case the 
leader also plumbs down from g to D. This method is continued 



until M is reached, using the system of 1, 2, 3, 4, etc*., plus 
fractional measured distance, instead of using tlu^ whole* nmulx*!*, 
as 125, 225, etc. The rear chainman should gatlu'r tin* pins aflcr 
a new point has been established. As already Ht<iti‘d tlu^ chmuing 
can be checked by counting the ])ins picked u|). Alwa\M allow 
the last pin to remain in the ground until ahs(>liit(‘ly c(‘rtain it is 
no longer desired and can be of no furtlu*!' s(‘rviet*. It is im- 
portant that the distances should bechc^ck(*d by ])otli chain men as it 
may prevent serious mistakes, and in somecast*s ])rc*\a‘nt r(*c‘liaining 
the entire distance. Distances in places where angles are tak(‘n 
are sometimes checked in the office by Trigonometry. 

A few hints in regard to the use of the tape may not come 
amiss. 

Always measure to and from the same side of a |)in. 

Hold the end of the tape as near the ground as possible. 

Before sticking the pin, be sure there are no kinks in the tape 
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and that the tape is not deflected to one side by grass, sticks or 
stones. 

Never straighten the tape with a jerk; raise it clear of the 
ground and straighten and stretch with a steady pull and lower 
steadily into place. 

The tape man should never brace himself against a pin; he 
should assume a position of stable equilibrium, preferably with one 
hand upon the ground. 

In passing over uneven ground, every reasonable effort should 
be made to hold the tape level. Too much time should not be 
spent in attempting to hold the end of the tape exactly over the 
point in the ground when the difference of level of the ends of the 
tape is sufficient to neutralize what would otherwise be considered 
an accurate measurement. 

In passing over rough ground the tape should be carried free 
from the ground, thus saving it unnecessary wear. The length of 
the tape is likely to vary from time to time, from changes in tem- 
perature, from constant stretching and from accident in the field 
For this reason the surveyor should compare frequently the lengtlis 
of his tapes with -that of a standard. The length of the standard 
tape may sometimes be conveniently laid off upon the floor of a 
building, or two monuments may be set in the ground, the proper 
distance between them being measured either by a standardized 
tape or by means of wooden rods. Having found the error in the 
length of the tape the necessary corrections cjm then be made. If 
a line has been measured upon the ground, and it is afterwards 
found that tlie length of the tape is in error, the true length of 
the line may l)e found from the following proportion: the true 
length of tlie tape is to the length of the standard tape, as the true 
lene-th of the line is to the length of the line as measured. 

Suppot^e a lino as measured, is found to be (i2b feet in length 
and it is afterwards found that the tape is too long, by six inches. 
Then we have: 100.5 : 100 :: a? : 025 
from which a- — true length of line = 028^ feet. 

EXAMPLES FOR PRACTICE. 

1. A line as measured with a certain tape is 5S0 feet in 
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2. A line is known to be 840 feet in length, but when meas- | 
ured with a certain tape is found to be 842-^ feet in length. Deter- ] 

mine the true length of the tape. 

^ Ans. 99.7 feet. 

/S. A certain field was measured with a Gunter’s chain and 
found to contain 625 acres. It was afterwards found that the chain 
was 4 foot too long. Determine the true area of the field. 

Ans. 629.74 acres. 

If an area has been measured with a certain tape that is after- 
wards found to be in error, the corrected area may be found by the 
following proportion: The square of the true length of the tape is 
to the square of the length of the standard tape as the true area is 
to the measured area. 


Examples will now be given illustrating the use of the chain 
or tape, in the field. 

1. To erect a jperfendicular at a given in a Vnie. 

Let AB Fig. 4 be the given line and C the point in tlie line at 

which it is desired to erect a ptn-pen- 



Fig. 4, 


dicular. Since a triangk‘ f()rni(‘d of 
the sides 8, 4 and 5 (or any niiilt iph* of 
these) will contain a right triangh^, tal<(‘ 
parts of the chain or ta|)t^ i‘(‘|)r(‘S(‘nl ing 
these distances or multiples and ha\(‘ 
the angle included l>et\\(‘t‘n the shoi-ttu* 
sides at (h Therefoia*, fasttm one inul 
of the tape or chain at hh 80 links or 


feet from C and tlu‘ 00th link oi’ fool 


at C. Then with the 50-foot mark in one hand, walk away rnim l!( ' 
until both of the segments DE and l)(l are taut. Stick a |)in or 
stake at D and DC will be the perpendicular rc([iiirc(l. If ihc 
perpendicular should be longer than can be laid out with the tape 
or chain, lay out CD as described and align a “dag” from ( ’ to D 
produced. 

2. T'o Ist J^cM a pei‘j)6ii(l ioulct!' to(i (jivcii Imc f'/'oin n i/ii'i n 
'point outside the line, (a) When the point is accessible: 

Let AB Fig. 5 be a given line and C a point. From (’ as a 
center, with any convenient length of tajie or chain as a radius, 
describe the arc DE, cutting the given line at points D and E. 
Stick pins at D and E and measure the distance. Bisect this dis- 
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tance at F ; their OF will be the perpendicular required. If the 
line AB is too far from 0 to be reached with the chain or tape, it 
will be necessary to range out a line conveniently near to C which 
shall be parallel to AB. To do this erect at any convenient point 
on AB, as at N, Fig. 6, the perpendicular, and prolong it as far as 
necessary, as E. At E, erect ES perpendicular to EN. Then the 
perpendicular let fall from 0 upon ES and prolonged to AB will 
be perpendicular to AB. 



Fig. S. Fig. 6. 


(b) When the point is inaccessible: Let AB, Fig. 7, be the 
given line and 0 the inaccessible point from which it is desired to 
drop the perpendicular to the 
line AB. At any convenient 
point F in AB erect the per- 
pendicular FD and extend FD 
to E, so that FK ^FD. Locate 
the ])oint B so tliat B, D and 0 
will be in the same straight line. 

Sitdit from K to C and hnd the 
j)ointIlin wliichthis visual line 
crosses AB. Next tind the point 
G at the intersections of Dil and 
BE })rolonged. Sight from G to 
C and the point M in which this 
visual line crosses AB will be the 
point required and the distance 
MG will equal MG. MO will be 
the perpendicular to AB at M. 

3. Through a giveu point to run 



line that shall he 


16 


PLAJNJK BUlCVAlilNW 


From point 0 let fall CD perpendicular to AB, At C erect OP 
perpendicular to CD; then EF will be the parallel required. 

4. To jyrolong a l/me heyond an obstacle. Let AB, Fig. 9, 
be the given line which is intercepted by a tree, house or other ob- 
stacle. It is required to locate the line CD which will be in the 
direction of AB produced. At B erect BE perpendicular to AB 
of sufficient length to clear the obstacle and at E erect EF perpen- 
dicular to EB prolonging EF beyond the obstacle. At F and C 
erect perpendiculars to EF and CF making OF equal in length to 
BE, then CD will be the line required and the distance from A to 
D will equal AB plus EF plus CD. ‘ 



Pig- 8. Pig. 9. 


6, WTien both ends of a line are accvsi^thh', hut tlw lino 
cannot be measured directly, on accownt of abotufl, ,v. 

At each end of the line erect perpendiciiliirs ol' (‘i|Uiil li-ngtli 
sufficient to clear the obstacles, and measure tlio lenglli of the Une 
between the extremities of these j)erpeiidicidar.s. 

6. When both ends of a line uro acorsslhh , hut n, ifh, r run 
be seen from the other, thus prove nti ny d I root <tlliiniu, nt. 

Such a case occurs when it is desired to run a liie, across a 
wooded field, the trees and un- 
derbrush preventing the al ign - 
raent of the intermediate sta- 
tions. Let AB Fig. 10 be the 
line whose length is desired. 

From A run a line AB' (called 
a random line) in any conven- 
ient direction and continue it till the point 1! can l.c seen from B'. 
At B' erect the perpendicular BB' to yVB' and measure B1 !' Then 
from the right-angled triangle ABB' we will have 
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The distance from A to any intermediate station as 0 can be 
found by measuring the length of the perpendicular CO' to AJB' 
From similar triangles we have 


or AC 


AO : CC' j:AB 
00' X AJB 


BB' 


BB' 


7. To locate ^om,ts in a Vme over a Mil, both ends of 
which a/re visible from joints nearr the svmmit. 



Fig. 11. 

Set a flag at each of the points A and B Fig. 11. One man 
then goes to D, as closely in line with A and B as can be esti- 
mated. lie then signals a man at 0 in line with A. 0 then 
signals D to D' in lino with 
B. D' signals C to 0' in 
line with A and so on alter- 
natelyuntil the])oints 0"and 
D" are readied in line with 
A and II. 

If the points A and B can- 
not be seen from the top of 
the hill, run a random line 
over the hill as described in 
problem 6 and offset to the 
true line. 

8. To locate joints in a line across a wide^ deep valley^ 
the extremities of the line being visible froin each other. 
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yig. 13 . 


to B the intermediate points D, E, F and 0 can be put into line. 

1. The Field Work of' Measuring Areas, Zet us con- 
sider the Primigular field ABO, Fig. 13. Beginning at any 
convenient corner as Aj measure from A to B, then from B to C, 
and finally from C to the point of beginning. Should a stream 
cut across the field as shown, measurements should be made from 
the corners to the points where stream crosses the boundary lines. 

Should it be found impossible to measure the 
sides of the field directly, owing to zigzag 
fences or other obstacles, offset parallel lines 
as in the figure and measure the length be- 
tween such parallels. 

The area of the figure may be found from 
the following rule: From one-half the sum of 
the three sides, subtract each side separately. 
Multiply together the half sum and the tluvo 
remainders and extract the s(}uareroot of the 
product. This rule is explained in Art. 198 of Elementary Alge- 
bra and Mensuration. 

If the lengths of the sides are given in chains, the arv^i will 
be given in square chains. If the lengths of the sides are in fe(‘t, 
the result will be in square feet. 

2. To survey a four-sided fi.eld with the htpe or rItultK 
Measure around the field in the same way as before, but in 
addition, it will be necessary to measure a tie- 
linebetween two opposite corners, thus dividing 
the figure into two triangles, the sum of wliose 
areas will give the area of the entire figure. 

Such a tie-line is shown in Fig. 14 by the dotted 
line DB. If neither of the diagonals I)l> nor 
AC can be conveniently measured, measure the 
short tie-line LS for instance, and the distances 
CS and CL. Then in the triangle I^( 'S the 
three sides are given, from w^hich to find the 
angle LCS. Having this angle, we can calcu- 
late the length of BB and therefore the area of the two triangles 
composing the field. 

If it is not convenient to measure the tie-lines insidA 


Mr--. 
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two adjacent sides as BA and DA can be prolonged to M and N 
forming tbe tie-line MN. It will nsnally be found more convenient 
to lay off CS equal to CL, thus forming an isosceles trianglco 

3. To survey a five-sided field with the tape or chai/u. In 
tbis case two diagonals as EB and BD, Fig. IS, or two tie-lines as 
es and mn must be measured in addition to tbe lengths of tbe 
sides. Whatever tbe number of sides, a sufficient number of 
diagonals or tie-lines should be measured to divide tbe area into 
triangles from which tbe area of tbe entire field may be calculated. 

If N represents tbe number of sides of a field, there will be 
required N-3 diagonals or tie-lines, form- 
ing N-2 triangles. 

To simplify calculations when tie-^ines 
are used in place of tbe long diagonals, 
tbe following method may be adopted: 

Measure off Km any fractional por- 
tion of AE, and Kn tbe same fractional 
portion of AB and measure mn. Then 
inn will be to EB as Km is to AE or as Kn 
is to AB. Suppose for example that Am 
is yi-g- of AE and Kih is Jg- of AB. There- 
fore EB is 10 times tbe lencrth of mn. 

o 

EXAMPLES FOR PRACTICE. 

1, Givtni tbe three sides of a field as 5.25, 6.50 and 4.60 
chains. Find tbe area of tlie field in acres, and square rods. 

Ans. 1 acre, 31. 4G square rods. 

2. Given CU]~3.()5 chains, CD=2.85 chains, C.s‘=Ce=0.50 

chains and r.s~0.65 chains.^ Calculate tbe area of tbe triangle 
B(d). Aih. 5.14 s(jiiare chains area. 

Off “Sets and Tie“Iines. To find the area of a field which is 
hounded in j)art hj a stream, it is necessary to use off-sets, as 
follows: Measure the sides of the field in tbe usual manner and for 
the irregular boundary run a straight line, as ED, Fig. 16, and 
calculate the area of the field included between these boundary lines. 
To this area must be added the area included between tbe line ED 
and tbe irregular boundary. 


A 



Fig. 15. 
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To find this area, at points along ED, erect perpendictdars 
tlie irregular sliore line at such, distances that the lines 1 2,2^ 
etc., may be considered straight. The desired area will evidently 
equal the sum of the areas of the trapezoids thus formed. Thel 
distance from E to any point 1, 2 or 3 on E'D is called the alsGism\ 
of that point and the perpendicular distances from ED to 1' 2' 3^ 
etc., are called the ordmates of the point. 



Instead of summing the trapezoid as a])ov(‘, tlu^ dt‘Hir(‘(l area 
may be found by the following rule: Multiply tlie dilbn-eiice 
between each ordinate and the second Bucec(‘(ling oik^ by the 
abscissa of the intervening ordinate. Multiply also tln^ sum of the 
last two ordinates by the last abscissa; on(‘-half of th(milg(‘l)raic 
sum of these several products will bo the area n‘(iuir(*d. 

To find the area of an inaccessible swani[), a lake or other 
area, run a series of straight lines entirely enclosing tlu^ given 
area, and since the diagonals cannot be measured, measure tie-lines 
either inside or outside of the area. As already stated, calculate 
the area included between the straight boundary lines and from 
this area suhstract thft i,.+. 
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Eeference to Fig. 17 will make 
Surround the inaccessible area 
etc., and calculate the enclosed 


points upon these boundary lines, 
the method of procedure plain, 
by straight lines, AB, BC, CD, 
area. At proper intervals along 
these straight lines, erect and 
measure perpendiculars ex- 
tending to the edge of the inac- 
cessible area. Compute the area 
between these perpendiculars 
by the rule on page 20 and for 
the required area, subtract it 
from the area previously found. 

Since the long diagonals are not 
accessible, measure the area by 
measuring the interior tie-lines ; 
remembering that the required 
number of tie-lines will be less 
by 3 than the number of sides 
enclosing the area. 

Example. Given the dis- 
tances measured along the 
straight line AB(Fig. IS) with the corresponding off-sets measured 
to the broken line A(d)E. It is re<|uired to coinpute the area 
between AB and the broken line A('I)E. 




Differoncio of Lst and 3rd ordinati'^ = U' — 7)7y oto. 


u 

“ 2nd 

“ 4tli 


=40'- ~35'=-f 5' 

(( 

“ 3rd 

“ 5th 


=.33'— lS'=-f37' 

(( 

“ 4th 

“ Cth 


=35'— 40'=— 5' 
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Abscissa of intermediate ordinates between 1st and 3rd= 40' X — 55'=-2200 

« « « « “ 2nd “ 4th= 90' X+ 5'= 450 

« « « “ « 3rd “ 5th=132'x4-37'= 4884 

« « « “ « 4th “ 6th=172'X — 5'=- 860 

« « « “ 5th “ 7th=217'X— 42'=-9114 

“ “ last ordinate = 267' Xl00'*26700 


One-half the algebraic sum of the products as given above 

will give the required area. 

, 32034 — 12174 

Area = 2 = 9930 square feet. 

EXAflPLE FOR PRACTICE. 


1. Giten the distances measured along the straight line AB 
Fig. A with the corresponding off-sets measured to the broken line 
ACDEFB, to find the area between AB and the broken line 
AGDEFB. Check the result by calculating the areas of the 
trapezoids and triangles of the figure, Ans. 11,875 sciiiari^ fee*!. 



E 


Fig. A. 


Keeping the Field Notes. In keeping Held nol(‘s, eleai-iK'SH 
and fnlluess slionld be constantly kept in mind. As Held notes 
often pass into the hands of a second party, tliey should admit of 
but one interpretation toaperson at all aeqiiaint(‘d witli the natiir<“ 
of the work. Extra time spent in the field in ae(piirinir data wdl 
avoid confusion and vexatious delays when the notes art' worked 
up in the office. Avoid the habit of keepinff notes upon sei'aps of 
paper or in vest-pocket note hooks. Provide note books especial I \ 
adapted to the keeping of field records and nnnd)erand index tlunii 
so that the contents may he understood at a glance. Ketmanber 
that sketches made upon the ground aid materially in inlerpnding 
field notes that otherwise might be unintelligible. 

P''incipal methods of keeping field notes; first, 
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supplemented by sketches. The third method is without doubt 
the best, but examples of the others will be given. For keeping 
the notes of the chain survey there should be provided what is 
known as a field book, a pencil (preferably 4B[), rubber eraser and 
and a short rule for drawing straight lines. 

FirsU iy Sketches Alone. Either page of the note book may be 
used for sketching but it will be more convenient to use the right- 
hand page, as it is ruled into squares, thus permitting sketching to 
scale. Always sketch in 
the direction of the sur- 
vey, beginning at the 
bottom of the page and 
making the center line 
of the page correspond 
approximately with the 
North and South lines. 

Second^ hy Notes 
Alone. Use the left- 
hand page of the note 
book beginning at the 
bottom as before. Do 
not crowd the notes, and 
if necessary use two or 
more pages. See Fig. lU. 

Fig. 19 shows the 
method of keepijig tlie 
n o t (‘ s of the survey Fig. 19. 

sliown in Fig. 20. 

77/ /yv/, hy Nott'i^ mid Sketches. It is apparent that in this 
method both the first and second methods are embodied in the notes. 

THE VERNIER. 

Tlie vernier is an auxiliary scale for measuring with greater 
precision the spaces into which the principal scale is divided. The 
smallest reading of the vernier, or the least count, is the dilference 
in length between one division on the main scale and one on the 
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Abscissa of intennediate ordinates between let and 3rd= 40' X — 55'=-2200 

“ “ “ “ “ 2nd “ 4th= 90' X+ 5'= 450 

“ “ ‘‘ « . “ 3rd “ 5th=132'X+37'= 4884 

“ “ “ “ « 4th « 6th=172'X — 5'=- 860 

“ “ “ « “ 5th “ 7th=217'X— 42'=-9114 

“ “ last ordinate = 267' Xl00'~26700 


Ohe-half tlie algebraic sum of the products as given above 

will give the required area. 

, 32034 — 12174 

Area = 2 = 9930 square feet. 

EXAHPLE FOR PRACTICE. 


1. Giten the distances measured along the straight line AB 
Fig. A with the corresponding off-sets measured to the broken line 
ACDEFB, to find the area between AB and the broken line 
ACDEFB. Check the result by calculating the areas of tlio 
trapezoids and triangles of the figure. Ans. 11,.S7.'5 s(]uari‘ fi'et. 
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Keeping the Field Notes. In kee|)ing tiel<l notes, elearneSH 
and fullness shonld be constantly kept in mind. As Held notes 
often pass into the hands of a second party, they should admit of 
but one interpretation to a person at all ae(jnaint(‘d \\itli tin- nature 
of the work. Extra time spent in tiie tiidd in aeiiuiring data will 
avoid confusion and vexatious delays whim the notes ai-e worke.l 
up in the office. Avoid the habit of keeping notes upon scraps of 
paper or in vest-pocket note books. Provide note books especial I \ 
adapted to the keeping of field records and uumberand index thei’.i 
so that the contents may be understood at a glance. Remember 
that sketches made upon the ground aid materially in interpreting 
field notes that otherwise might be unintelligible.' 

There are three principal methods of keeping field notes ; first, 
by sketches alone; second, by notes alone; and third by full notes 
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supplemented by sketches. The third method is without doubt 
the best, but examples of the others will be given. For keeping 
the notes of the chain survey there should be provided what is 
known as a field book, a pencil (preferably 4H), rubber eraser and 
and a short rule for drawing straight lines. 

Firsts hj SJcetches Alone. Either page of the note book may be 
used for sketching but it will be more convenient to use the right- 
hand page, as it is ruled into squares, thus permitting sketching to 
scale. Always sketch in 
the direction of the sur- 
vey, beginning at the 
bottom of the page and 
making the center line 
of the page correspond 
approximately with the 
North and South lines. 

Second^ hij Notes 
Alone. Use the left- 
hand page of the note 
book beginning at the 
bottom as before. Do 
not crowd the notes, and 

if necessary use two or | | 1 §1^ 

more pages. See Kig. lU. 

Firr. 19 shows the 
method of keeping the 
not(‘sof the survey Fig. 19. 

sliown in Fig. 20. 

77/ /yv/, hij Nofen uihI Skctch(^s. It is apparent that in this 
method both the first and second methods are emhodied in the notes. 
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THE VERNIER. 

The vernier is an auxiliary scale for measuring with greater 
precision the spaces into w^liich the principal scale is divided. The 
smallest reading of the vernier, or the least count, is the differeiice 
ill lenc£th between one division on the main scale and one on the 
vernier. 

A vernier is said to be direct wlien the divisions on the 
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vernier are smaller than those on the main scale Fig. 21 A; retro- 
grade, when the divisons on the vernier are greater than those on 
the main scale. See Fig. 21B. 

In Fig. 22 let MM 
represent a scale divided 
into tenths;, then since 
ten spaces on the vernier 
VY are equal to nine 
spaces upon the scale, it 
is evident that each space 
upon W is short by one- 
tenth of a space of MM. 

The least count is there- 

fore, iVofA-or liir- 

The vernier and slow 
motion screw of the ver- 
tical arc of the engi- 
neer’s transit are attach- 
ed to the left hand 
standard of the instru- 
ment. 

Fig. 28 represents a 
vernier as applied to an 
engineer’s transit. It 
will be noticed that the 
main scale is divided so 
as to read directly to 1^0 minutes. Tlie venrun* is so divi<l(Ml thal 
2 \) spaces upon the main scale (Mpial spac(\s iij)()ii tln‘ V(‘rni(‘i\ 
therefore the least count of the vernier is of ^^0 minuU^s or 
1 minute. 






Fig. 21. 


It will be apparent, therefore, that the readings are taken 

in the direction of the increasiTio* crrad nations of tlie TYi^in bcmIo 
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has passed the 156th space on the main scale, and is near the 30 
minute (half degree) division therefore the coinciding lines of 
the vernier and main scale must be between 0 and 30', and we 

12 3 4 5 6 7 8 9 
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Fig. 22. 


find them, by looking along the scale of the vernier, at 17 minutes 
hence, the reading is 156“ 00' +17'= 156“ 17'. 


I 



Fio'. 24- riMn\‘Si‘nts another method of division of the circle of 
1 

the transit. Tlie vernier is double, and the figures on the vernier 
are inclined in tiio same direction as the figures on the scale to 
which they helong. 



It will he noticed that the main scale reads directly to 20 
minutes and tliat the vernier is so divided that 313 spaces upon the 
scale correspond to 40 spaces upon the vernier. The least count 
of the vernier is therefore of 20 minutes or of 1 minute 
equals 30 seconds. 
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vernier is beyond the 138® mark and about half way between th 
first and second 20' divisions. The reading so far is then 138® 20' 
Now look along the vernier to the right until a line upon the ver 
nier is found that seems to be a prolongation of a line upon th^ 
scale. This occurs at the division marked 10 upon the vernie 
so that the reading is 138® 20' + 10' or 138° 30'. 

For the outside scale, the zero of the vernier is beyon( 
the 221® mark and about half way between the first and secom 
20' divisions. The reading so far is therefore 221° 20'. Nov 
look along the vernier to the left as before, and the divisions coin 
cide at the division marked 10 upon the vernier, so that the read 
ing of the outside scale is 221° 20' + 10' or 221° 30'. The sun 
of the readings of the two scales equals 360° as it should. 

EXAMPLES FOR PRACTICE. 

1. Determine the least count of the vernier in Fig. A, 31 
spaces upon the scale, being equal to 40 spaces upon the vernier 

2. Determine the least count of the vernier in Fig. J>, 51 
spaces upon the scale being equal to 60 spaces uj)on the vernim' 
The figure represents what is called folding vernlrr, 'ho read i 
follow along the vernier in the usual way until the division inarktM 
10 is reached. If there are no corres])onding linens, tlnni go b.-nd 
to the other end of the vernier bec^inniiitr with the otlnn* lOinnrl 
and follow it back toward the center of the V(M-nier. 

8. Determine the least count of the vtuMiitu* of Fig. G, \\hi(*l 
represents the usual Jiietliod of dividing tlie viu'tical (*,irch‘ of tin 
transit. 

The Level Bubble is one of tlie most iin porlanl al laclnmuds o 
an engineering instrument, and an instrument otherwise' o-ood ma’ 
he rendered useless hy im[)erfect levt'l tulx's. 

The spirit level is a glass tube nearly iille<I w iih a mixlun^ o 
etlier and alcohol, the remaining space iH'iiig (Mumpit'd wdth tin 
\a])or of ether. Alcohol alone has not proved sal i:-;fa('tory as it ii 
too sluggish in its movements, thereby rendering an instrnmen 
lacking in sensitiveness. If the tube were j)erfectly cylindritad 
the bubble would occupy tlie entire length of the tuiu', when hor 
izoiital, or when slightly inclined to the horizon, thus rendering i 
impossible to tell when the tube is in a truly horizontal nosition 
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The tube is, therefore, ground on the inside so that a longitudinal 
section is a segment of a circle. If the tube is not ground to an 
an even curvature the bubble will not travel the same distance for 
every minute of arc to the extreme ends of the tube, and an other- 
wise perfect instrument will not work well. 





A tangent to tlui circular arc at its highest point, as indi- 
cated by tluuniddle of the bubble, or a line])aralhd to this tangent, 
is eall(‘d tlu^ axis of tlie bubble tube. This axis will be horizontal 
wduui the bubble is in the center of the tube. Sliould the axis be 
slightly inclined to the liorizontal, the ])ubl)le will move toward 
the higher end of the tube, and the movement of the bubble should 
be proportional to the angle made by the axis with the horizontal. 
Therefore if the tube is graduated, being a portion of the circum- 

_ 1 J.1- - j. J.1, , ^ 
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onds is of an appreciable length, it will be possible to determine 
the angle that the axis may make at any time with the horizontal, 
provided the angular value of one of the divisions of the tube is 
known. This is done by noting by how many divisions the center 
of the bubble has moved from the center of the tube. 

Since divisions of uniform length will cover arcs of less angu- 
lar value as the radius of the tube increases, and since a bubble 
with a given bubble space will become more elongated as the radius 
is increased, the sensitiveness of the bubble is proportional to the 
radius of curvature of the tube and the length of the bubble. The 
length of the bubble, however, will change with changes in tem- 
perature, becoming longer in cold weather and shorter in warm 
weather. This is due to the fact that the liquid in the tube expands 
and contracts more rapidly than the glass. If the bubble contracts 
excessively, the sensitiveness is thereby impaired, and it should 
be possible to regulate the amount of liquid in the tu])o. Tliis is 
done by means of a partition at one end, having a small hole in it 
at the bottom. A bubble should come to rest quickly, but sliould 
respond easily and quickly to the slightest change of inclination 
of the tube. 

To determine the radius of curvature of the tube, [)r()ct‘(‘(l as 
follows: Let S = length of the arc over which the bubble niov(‘s 
for an inclination of 1 second. Let E = its radius of curvature. 
Then S: 2 7rE :: T' : 360° 

From which E = 200205 X S Or = S — 

20(>2u5 

Smay be found by trial, the level being attached to a tiiaOv dividi'd 
circle. Or, bring the bubble to the center and siglit to a <livi(l(‘(l 
rod; raise or lower one end of the level and aoain sitdiL unon tlu‘ 
rod. Call the dilfereiice of the readings //, the distaiico of (ho. rod 
d, and the space which the bubble moved S. Then from approx- 
imately similar triangles 

d S 

h 

EXAMPLE FOR PRACTICE. 

1. At 100 feet distant, the difference of readings was 0.02 
foot, and the bubble moved 0.01 foot. What is the radius of the 

bn h hi A tnbA 2 a 
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Locke’s Hand Level. This instrument consi 
six inches long with a small level mounted on it 
of the center near the object end. See Fig. 25. 
level is an aperture across which is stretched ; 
attached to a frame. This frame is made adji 
and a spring working against each other, or uj 
screws placed at the ends of the level mounting, jlu ^ 
directly below the level, and at 45° to the line of sight, is placea 
a totally reflecting prism acting as a mirror. The images of the 
bubble and wire are thus reflected to the eye. The prism divides 


Fig. 25. 

the section of the tube into two halves, in one of which is seen 
the bubble and wire focussed sharply by a convex lens placed in 
the draw tube at tlie eye end of the instrument, while the other 
permits of an open view. Putting the instrument to the eye and 
raising and lowering the ol)ject end until the bubble is bisected by 
the liorizontal wire, natural objects in the fleld of view can be seen 
through tlie o])en half at tlie same time, and a])proximate levels 
can then be taken. To ])revent dust and dampness from entering 
the main tube, both the object and the eye ends are closed with 
plain glass. 

There an‘ two ad justments necessary in this instrument: First, 
the ])iibbl(^ tiibc‘: it should be so adjusted that the bubble will be in 
the ceutcu- of lln‘ tuixi when the instrument is liorizontal. Second, 
the horizontal wir(‘; it should bisect the bubble when the latter is 
in the c(‘nt(‘r of tlu^ tubt*. The nu‘tho(ls of executing these adjust- 
ments are so apparent it will be unnecessary to dwell upon them 
here. 

The instrument is intended to be carried in the ]:)ocket and is 
of especial value li])on reconnaissance surveys, and for sketching in 
topography upon ])reliminary surveys. 

Fnt* ribiffll niirnosefl. the toDOcrraoher should urovide 
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painted alternately red and white. Upon this rod, the topographer 
should mark by a notch or other means, the height of his eye above 
the ground. Standing then upon a station of the line of survey, 
the topographer directs his assistant to carry the rod out upon 
either side of the line and in a direction at right angles thereto, 
until a point having the proper elevation above or below the center 
line is found as determined by the topographer holding the instru- 
ment in a horizontal position at the eye. The topographer then 
paces the distance, while the assistant carries the rod to the next 
point. It is evident that if the line of sight from the instrument 
coincides with the mark upon the rod, the two points upon the 
ground are at the same level. If the line of sight strikes the rod, 
say one foot below the mark upon the rod, it is evident that the 
ground where the rod is held is one foot higher than where the 
instrument is held. These operations can be repeated indefinitely 
and made to extend as far as necessary upon either side of the line. 
The points of proper and equal elevation are then connected form- 
ing contour lines, but the topographer should fill in details ])y the 
eye. The methods of keeping the field notes will l)e illustrated 
and described later. 

Let BCXDEFGand H, Fig. 20, represent the suceessivt^ rod 
readings on the right of the center line A, and I>' ( V ])' K' ( T tlie 
readings on the left. Now suppose the level er stands with a h(){*k(‘- 
level at zero and the rod is held vertically at 1>. Tln^ line of sight 
ah bisects the rod at 8.6 feet. The distance fi'oni the (rroiind to tin' 
observer’s eye is 5.5 feet. Thus it is apparent the (‘le\ation at IJ 
will be 3.1 feet lower than at A. The observer now |:)acc‘s tlu^ dis- 
tance between A and B, and finds it to be 50 feet. Tlu^ Heading is 
now taken at C on the line of sight rd which reads (>.2 feid, lumce 
the elevation of C is .7 foot lower than B, and the distanc(^ 1 h‘- 
tween 20 feet. Suppose an attempt is made to take a reading m^ai* 
D. Since the horizontal plane from the observer’s ey(‘, to tlu^ 
ground does not strike the rod, it is apparent that the rod is too 
faraway, therefore it should be moved back to a point X wluu*e the 
horizontal plane ef will bisect the rod at some division. Tiie ele- 
vation of X having been ascertained, pace tlie distance CX, as in 
the former cases. This method is continued until II is reached, 

A- J.1 1 T* T..-.-. 
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the distance betweeD each. The same 
method is used on the left-hand side of 
the center line. However, where the 
surface of the ground has an abrupt 
change between stations, it is customary 
to take cross sections at such changes and 
ascertain the distances between the sta- 
tions by pacing; the center line at such 
points is accepted as zero ; in the same 
manner perform the operation as if at 
a station. Where a cross road inter- 
sects the center line or any portion of the 
cross section, take readings at places that 
show an abrupt change, as the top of a 
bank, side of the road, or gutter, center 
of the road and on the other side in the 
same way and place as before. This rule 
holds good in places where small streams 
are situated. It is not necessary to find 
the deptli of the water, because the pur- 
pose of the cross section deals solely with 
the sui*facH‘. AVdiere obstacles prevent the 
section l)(‘iiitr i-un at rioht aimles to the 
center liiu*, us(‘ tb(‘ in(‘thod of olT-sets and 
seciirt^ tlu‘ (!t*sir(‘d t‘l(‘vation as cU)S(‘ly ap- 
proximate* as circnmstanct*s will j)ei*niit. 

The Abney Hand- Level and Clino= 
meter. ''J'liis instrinncnt is similar to tlie 
Locke hand -lev(*l, s(‘t^ Fig. 27, ])iit the 
small sj)iiM't h‘V(‘l moiintt‘d on top can he 
inovt*d in the V(*rtical plane and is clamf)ed 
to a dial graduat(*d upon one side into 
single degrc‘t*s and in)on tlie other into 
slope ratios, so that it is possible to meas- 
ure angles of sloj)e. 

The adjustments of the instrument are 
the same as for the Locke hand-level. 
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in the same manner as the Locke hand-level, but is of more universal 
application. It is of especial value upon steep slopes when the eflS- 
ciency of the Locke level would be limited by the length of rod. 
In using the Abney instrument it is only necessary to mark the 
height of the eyes upon the rod. In sighting upon the rod, with 
the horizontal line coinciding with the mark upon the rod, move the 
vertical circle until the bubble is in the center of the tube. Bead 
the vertical angle, and the tangent of this angle multiplied by the 
horizontal distance to the rod will give the difference of elevation. 
If the distance to the rod is measured along the slope of the 



Fig. 27. 

ground, multiply this distance by tlie sine of tlie V(‘rti(';il to 

get the difference of elevation. 

The most satisfactory inetliod of using this instrunuMit is in 
connection with a straight edge from 8 to 10 fcvt in hmgili. Tho 
straight edge is laid upon the ground ])arall(d to (IumI hv(*l ion of 
slope and the clinometer is then ap])lied to it, tln^ V(‘rtical circle 
being turned till the bubble is in the center. The angle of slope 
is then read, or better still, the slope ratio is read frourtln. viM-tical 
circle. This operation is lepeated at every change of slop(s tlie 
distances being either paced or measured with a tape. For in- 
stance, siippose the slope is found to be 00 feet in lengtli and the 
slope ratio as given by the clinometer is It is evident then 

that flt thp fUr* ^ 
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Fig. 28 . 


feet. The instrument is sometimes fitted 
with a small compass and a socket for use 
upon a tripod or Jacob staff. 

The Leveling Rod is an important part of 
the leveling outfit; it is used in measuring 
the vertical distance between the horizontal 
plane through the line of sight and the point 
upon which the rod is held. There are three 
forms in common use known as the New 
York, Philadelphia and Boston. They are 
made of hard wood 6-| feet long, sliding out 
to 12 feet and provided with target, vernier 
and clamps. 

Leveling rods are of two kinds, the target 
and the self-reading. Of the target rods, 
the New York and Boston are generally used 
for precise work. Of the self-reading rods, 
the Philadelphia shown in Fig. 28 is in more 
common use. The self-reading rods are used 
only in connection with that class of work 
where approximate accuracy only is required; 
this form is generally read to hundredths of a 
foot and can be read directly from the instru- 
ment by the observer without the aid of the tar- 
get, as is suggested by the name. However, 
with the aid of the target this rod can be read 
to thousandths of a foot a])proximately. The 
targc‘t is used when greater accuracy is re- 
(juired and when the rod is so far from the 
instrument that it cannot be distinctly read. 

The rod consists of a graduated scale di- 
vided into feet, tenths and hundredths of a 
foot, and wdieii properly made, readings to 
thousandths of a foot can be easily taken. 
The numbers inaking the tenths should be 
0. Ob foot long and so placed that one-half the 


length is above and one-half below^ the line. The numbers marking 
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His class of rod is paiii*ted white, the foot graduations are red and 
the tenths and' hundredths are black horizontal lines. 

No attempt will be made to describe the reading of the vernier 
of eithei: the New York or Boston rod, 
but the Philadelphia rod is so divided as 
to make its reading easily understood. 

With this rod each side of the black 
horizontal line indicates lOOths, that is, 
the lo-v^er side of the* first black space 
is called ^^one,” and the upper side of 
the same space is called ^^two,” the 
lower si^e of the third space is called 
“three’’ and so on until the tenth is 
read. 

The reading is taken without the aid 
of the target, in feet, tenths and hun- 
dredths as the case may be. The mov- 
able target has a vernier which reads 
to thousandths of a foot and is read 
from zero to ten. To read this rod, 
move the target to any convenient place 
on the scale of the rod and note where 
the vernier at zero coincides with a black 

horizontal line ; then note where a line 

of the vernier coincides with a line of | J WHITE 
the scale. For example, if the zero of 
the vernier is just above one foot, four- 
tenths and five hundredths, as shown 
in Fig. 29, and a line of the graduation 20 . 

of the vernier coincides at 7 with a liori- 

zontal black line on the rod, the reading will ))e 1.457 as is shown 
in Fig. ^.9. If leading to the nearest 100th, the reading will be 
1.46. This is because the 7 natiually brings the zero .()()2 above 
the line of graduation on the rod, therefore, the zero of the vernier 
IS .002 nearer the 6 than the 5, hence, the reading is as above. 



bhould the vernier read .002 instead of .007 the reading would be 

1.45. It is apparent that .002 ■ 

^ 12„ _ _ ‘j .n 1 


now brings the zero of the vernier 
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rod reading is 1.45. Therefore, in all readings with the Phila- 
delphia rod, read the thousandths to the nearest half hundredth. 
This is true whether or not the lines coincide. 

These readings apply only to the face of the rod or to 6| feet. 
When the rod is extended to 12 feet, or any fractional part thereof, 
the reading is a little different, both as to its graduation and 
vernier. The scale, of course, is the same on the face of the rod 
when extended, except as to the vernier, which is placed on the 
back at 6-| feet and the scale 
of graduation on the ex- 
tended part of the rod is also 
on the back of the extension 
which runs through the ver- 
nier, as shown in Fig. 30. 

The scale of hundredths is the 
only part to be particularly a 
observed, together with the 
vernier in the former. 

For examjde, the first 
horizontal black S])ace e(pials 
“one,” whicli is the top line 
of the foot mark. Tlio lower 
side of tlie first black s])aceis 
“two,” and the uj)])er side of 
tlie same sj)aco is “three” hiindredtlis, and so on until the tenth 
is reached. The tenth and feet are placed the same as on tlie face 
of the rod. The vernier, as already stated, is a little different in 
jioint of reading and is graduated from ten to zero, instead of zero 
to ten, as on the movable target. However, with some recently- 
made rods of this type, the scale and vernier reading is the same 
thi-oimhout. See Fio;, 31. The o’rad nation at ten is taken as the 
zero in determining thousandths. The vernier in (piestioii is firmly 
attached to the upper end of the rod 0^ feet, (and the extension of 
the rod runs through this vernier). The differences in graduation 
of the two sides should be carefully noted. The rod has two 
clamp screws, one attached to the movable target and the other 
near the vernier on the back of the rod. In running the rod, it 
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desired, to set the target at 6|feet aad run the rod to its full length, 
then move down as signalled; where no target reading is required, 
run the rod to its full extent (12 feet) and as the face of the rod has 
a scale throughout, th(i reading can be taken from the instrument. 

Should the instrument not be near 
enough to enable the leveler to see 
the rod distinctly without the aid of 
the target, he should first read the 
rod through the telescope of the in- 
strument and then notify the rod- 
man at what distance the intersection 
of the cross-hairs in the instrument 
approximately bisects the rod, such 
as 3.21, which means three feet, two 
tenths and one hundredth. The rod- 
man then sets his rod to read this 
distance and another sight is taken, 
being careful to have the rod plumb. 

Should the intersection of the target 
fail to coincide with the cross-hairs 
in the instrument, the leveler then 
signals, or calls out if suSiciently near 
to do so, the true rod reading, as up 
a tenth, down two hundredths, as the 
case may be, and the target is placed at this distance. When pre- 
cision is required, this method is relied upon only for llie aj)prox- 
imate placing of the target; the method used in tliis case is to 
slowly move the target by standing behind the rod and liokling 
it between the thumb and fino:ers of one hand, while tlio tanret is 
moved with the other. Then the target is slowly moved by the 
signals of the observer. 

When a slow motion with the hand above the shoulder or 
below the hip is made by the observer, it means that the rod 
is to be moved in that direction a fractional part, as one tenth, 
but when a quick motion is made and the hand drawn back in 
the same manner it implies that the target is to be moved just a 
trifle. In this way and by proper attention to the signals of the 
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thereby saving niueh time. ’When the target is finally set, the 
rodman reads the rod and calls out the reading to the observer, 
when within reasonable distance. The target rods are read en- 
tirely by the rodman, and the readings are kept by him in a note 
book for that purpose; these notes should be given to the observer 



c 


Fig. 33. 

at every opportunity and results checked. To obtain correct re- 
sults wlien leveling, it is absolutely essential that the rod be ver. 

J J.1 ^ -.1 U 
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The observer or leveler, by means of the vertical wire upon 
the target of an ordinary leveling rod, can tell whether or not a 
rod is vertical and in a position at right angles to the line of sight, 
but he is not able to determine whether the top of the rod is in- 
clined towards the instrument or in the opposite direction 5 because 
when looking through the telescope of a level he can see only a 
fractional part of the rod. Therefore the necessity of overcoming 
this difficulty led to the invention of the bent target which obviates 
this latter trouble as can readily be seen from Fig. 32. The 
American target fulfills the same requirements, but differs from the 
ordinary target in having two discs, one behind the other, as in 
Fig. 33. The principle of construction of this target is ex- 
tremely simple, and may be best explained in the figures above 
Suppose a target of the old kind, which in its front view looks 
exactly like the front view of the new target in A, to be cut 
along the vertical lines aa^ thus dividing it into three parts; 
that is, one center -piece and two wings. Suppose furtlierinore, 
the centerpiece to remain in its former place at tlio front of tlie 
rod, while the two wings are removed to the rear of tlio rod. Tlien 
the result evidently will be that tlie horizontal lino rr, will 
appear as one unbroken line to the observer, only whmi tlio rod is 
held perfectly vertical. Any deviation either towards tln^ instru- 
ment, or away from it wdll cause the two ])arts vo and dd of tlu^ 
horizontal line situated at the rear of the rod in tlio winos of tln^ 
target to show either above or below that jiart rd of {]\c liori/ontnl 
line which is situated in the front of tlio rod in tlu^ (‘(‘iilorpiiro of 
the target. 

"Whether using the Lent target, tho ordinary taigct or no 
target at all, it is apparent that tho rodnian should hold lln^ i-od in 
a vertical position, known as jilunib. This can bo doiio liy stand- 
ing directly behind the rod with both feet together or ajiart, as tlio 
rays of the sun may require, governing shadows, and holding tho 
rod between the thumb and finger of one hand wliih^ iiiovino' the 
target with the other. After the taiget is set, both iiaiids are 
brought ill line with the shoulders, and standing erect, the hand 
should touch the rod very lightly, so that it will almost stand in a 
vertical position hy itself; or when standing in that position if tlie 
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with the nose and chin, it will be plumb. The rodi 
never put his hands around the rod. 

Another way is to sight along the line of som 
apparently in line. There are, of course, many different 
of signalling, but the ones mentioned are frequently used. 

When the rod is to be read without the aid of a target or Wilij 
the ordinary target, it frequently happens that the rod is not ver- 
tical and the signal used for bringing it in its proper vertical 
plane is the raising of either the right or left hand in a vertical 
position, which indicates that the rod should be inclined in that 
direction. In so doing move the rod slowly until the hand is low- 
ered. After the target has been set in its proper position, clamp it 
by the screw on its side, then give another sight and note the sig- 
nals of the observer. 

If the target is to be moved, the observer should hold the palm 
of one hand in the direction the target is to be moved. The observer 
should use but one hand in simiallincr the rod: if the tarofet is to 
be lowered, he should hold his hand below his hip, palm down. 
To raise the target he should hold his hands above his shoulder, 
palm up. Any considerable change in the position of the target 
is deiiotc‘d by a more or less violent motion of the hand. If a very 
slight change is desired, the observer should liold his hand in the 
pro])er ])ositi()n without moving it up or down. When the proper 
position of the target has been obtained, the observ^er indicates the 
fact by raising l)otli arms above the head and Jiioving them in the 
are of a circle to indicate that the rod reading at that particular 
place is coniph‘tc‘. 

New York Rod. Tliis rod resembles the Pliiladelpbia rod as 
to its use and diinciisions, but differs as to scale and vernier read- 
ing. "Jlio Seale is divided into feet, tenths and hundredths, the 
same as the JMiihuhdjbia rod, e\Ci‘pt tlie graduations of the hun- 
dredths, ^\hicb instead of having tlie sides of one black sj)ace each 
c(juivalciit to 0.01 foot, as on the Philadelj)hia ]‘od, the liiindredths 
are distinct by tliemsclves, therefore, each line between the tenth 
is .01 ])art of tlui scale. Fig. shows the rod at its lull length, 
and Fig. do shows a s(‘ctioiial part thereof witli its movable target 
set at 0 I feet and tlie black horizontal lines each indicate .01 as 
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The rod Las a movable target which carries a vernier, and 
allows readings to thousandths. It cannot, however, be read with- 



Fig. 34. 


out the aid of the target and is used for the most part, 
where precision is required; it probably commends its- 
self to a greater number of engineers, because of its 
stiffness and wearing qualities. For elevations up to 
6| feet, the target is used in the same manner as the 
former rod by sliding it up or down upon the rod. 
Above feet, as with all the rods, the target is clamped 



at the O^.foot division. The back of the rod slides upon tlie front 
half and when so extended the vernier is on each of tlio narrow 
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back when extended, with the New York rod it is on its narrow 
sides. The vernier in question is somewhat different from the 
one found on the Philadelphia rod, since it is provided with a 
direct vernier, while the other is provided with an indirect vernier. 
The former, as has been explained, is usually placed below the 
center of the target, that is, the zero is placed below the in- 
tersection of the horizontal and vertical lines of the target. 
In almost every case this causes confusion because the rodman 
has been taught, by reason of using a Philadelphia target rod, 
to read the scale at the zero of the vernier to tho fractional 
parts of a foot by looking along the vernier for the coincid- 
ing lines. There need be very little confusion in reading the New 
York rod, if it is remembered that the center of the target is set 
by the leveler and not the zero of the vernier as on the Philadel- 
phia rod. Careful observation of the vernier will show that the 
zero of the vernier is placed at the intersection of the horizontal 
and vertical lines of the target. The method of using the clamps, 
setting tlie target, etc., is the same as that of the Philadelphia rod. 

The Boston Rod is made of mahogany, is of the same length 
and slides out as the rods just described. It is distinctly a target 
rod and cunnot be read without its aid. The scale and vernier, how- 
ever, are on the Jiarrow sides and can be read to thousandths or 
any fractiomd ])art of a foot. The target is fixed upon one-half of 
the ro<l for (‘U'vntions less tlian (U feet. The target end is held u])on 
the ground and the front of tlie rod slides uj)()ii the back, as shown 
in d7. ^Vbove (i.l ft‘(‘t the rod is inverted as shown in Fie. 
dSj and is tluui used in uiiieh the same way as the New York rod. 
Tlie iii»'ni-(‘s Jiboxe j-id'm-red to show the sides of the rod \\ ith its seale 
u|)()ii it. Tldu' serew s at eaeheiidact as chimps. In the ohlstjlcof 
Poston rod a^^()oden targid vas screwed to the rod with the result 
that tlie targi^t would wai-p and twist or he knockt‘d off, tlius render- 
ing the rod usidess. The best ty])e of Poston rod is fitted wdth a 
bent metal target. This form is very serviceable and satisfactory. 
It w'ill he apparent from the foregoing descrij)tion that the rod is 
read altogetlier l)y vernier, the scales and vernier being on the 
side. It is the liirhtest and neatest rod of the three but the least 
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white, with black graduations; it is divided into feet, tenths and 
hundredths, (See Fig. 39). The scale is on both sides. At each 
end is a spirit level bubble with graduations on the upper side of 
the tube to bring the rod in a horizontal plane. In the center of 
the rod is an opening for the hand, and thereby it can be easily 

taken from place to place. 
The purpose of this rod is to 
simplify the lengthy calculations 
in taking cross sections; this 
will be more fully explained 
under its respective head. 

In Fie*. 39 A and B are the 
bubbles. It is apparent that if 
one end of the rod is placed on 
the side of a hill and tlie other 
raised in a vertical position until 
the bubble appears in the ccniter 
of the tube, the base of tbo rod 
will be in a liorizontal jdane. 

Ranging Poles. Fig. 40 
shows tlie tlii'(‘e forms of rang- 
ing poles (called Hags) in coni- 
irion use, all of which ai’o from 
() to 10 f(‘i4 in l(Mi(>th, ma,d(‘ of 
hardwoo<l, octagonal in sbapc^; 
they are ta|)(‘r(‘d from tln^ to[) 
down and each foot [)aint(‘<l al- 
ternately r(‘d and whit(‘, and pro- 
vidi*<l \\ itli st(‘(‘l sho(‘s, t‘\c(‘[)t 
the smallest one, which consists of an iron tubular rod Ji^-incln‘S in 
diameter and used for the most part on construction work. Tlu^st^ 
Hags are for the purpose of establishing points or r(‘taining a givcm 
line indefinitely; it is an important tool of tlio siirv(‘y()r\s outfit. 
To use this flag, it is placed approximately at sonu^ rt‘as()nabl(i 
distance from the instrument and then l)y the signals of the 
observer is moved until the line of siglit tliroiigli the instrument 
bisects it. It should be held in a vertical position and governed 
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position. It is also a conv'enient device for measuring, approx- 
imately, distances not exceeding six feet, but where any great 
amount of accuracy is desired, the method should not be relied 
upon. It is an advantage, however, to use the flag as a check, 



Fig. 39. 

when it may appear that some discrepancy has occurred. 


INSTRUMENTS. 


The Wye Level. There are three kinds of leveling instru- 
ments in common use, viz: The Wye level with four leveling 
screws, the Wye level with three leveling screws and 



Fig. 40. 


the Dumpy level. The Wye level derives its name 
from the vertical forked arms, called Wyes, in which 
the telescope rests. It is clamped to them by collars 
which may be raised allowing the telescope to be 
turned on its horizontal axis or lifted out entirely. 
It is also referred to as the four-screw level. Like 
other levels it is used for the purpose of ascertaining 
a liorizontal line of sight parallel to a spirit level 
and perpendicular to the vertical axis. The line of 
si<dit is fixed in the telescope by the intersection of 
cross-hairs. A s])irit level is attached to the undtn* 
side of the telescope and is pi’Otected except on top 
byaiiudal tube. In thoharnd of the telescope slide 
two tidies, in one of which is an eye-piece; in the 
otlun- is the ohjective. 

The usually found v\ith the four-screw^ 

loviding instrument is of the erecting tAjie. The in- 
verting e^e-piece as distinguished from the erecting 
eye-piece has twm lenses instead of four. The result 
is that the inverting eye-piece peimiits more light to 
reach the eye of the observer, and is therefore better 
adapted to precise leveling. At first some inconven- 
ience is experienced by the fact that all objects are 
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screw instrument or a three-screw instrument, lie with the 
inrerting eye-piece. ITearly all makers give a purchaser his choice 
of the style of eye-piece without extra charge. In purchasing an 



instrument it should be noticed whether the eye-piece is adjusted 
by a stiaight pull or by a spiral motion, because the aniral inntion 
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An inexperienced observer upon looking through the level 
find finding no cross-hairs may suspect that the cross-hairs are 
broken. It must not be forgotten that the 5ys 
piece must be focused before the cross-hairs will 
come into the range of vision. Having once 
focused the eye-piece upon the cross-hairs, the 
adjustment will stand for a long time if the eye- 
piece is undisturbed. 

The object glass is moved in and out by means 
of a pinion which works on a rack attached to a 
sliding tube and moves in the axis of the barrel, 
passing through the run which is inclined in 
the barrel. The instrument is provided with a 
clamp, slow motion and leveling screws and 
mounted on a tripod. The two former screws 
are situated directly under the horizontal bar 
and revolve with the telescope. 

The Line of ColHmation of a level is the line 
joining the optical center of the oh j(‘et-glass 
and the intersection of the cross-hairs, and since 
this line determines the point towards which the 
telescope is directed, it should coincide w itli tlu^ 
optical axis of the teh‘Sc*()|K‘. Th(‘ (‘y(‘-j)i(‘ce 
and object-glass jnnst he aceurat(‘ly c(‘nt(‘re(l. 

Instrumental Parallax is an impoi-tjint con- 
dition of focusing due to tlu^ fact tlint tlie imatm 

tJ D 

does not fall in tlie j)lane of tln^ ci'oss-hai :*s. 

To determine this, <lirec*t the tc^h'scojx' upon an 
object and focus the (‘ve-])it‘co so that tlio cross- 
^ j| 3 p liaii’S are ])erfectly distinct. 'I'lnni turn tlui t(‘h‘. 

scope U[)()n the object which is to ho ohsca-ved, 
and focus the ol)ject glass until the imago is 
cl eai'ly defined. INIove the (‘ye fi*om si<lo to side 
and note whether tht‘i*e is any ap[)arent move- 
ment of the cross-hairs and images If any is 
seen, the two operations are to 1 k^ repeated until 
all parallax is removed. 

This adjustment depends upon the eyo of the observer and 
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Spherical Aberration. This defect is caused by coinbiniag 
lenses of different curvatures so that objects on the side of a 
field of view are seen less distinctly than those in the center. To 
test the object glass for this defect cover the outer edge v^ith an 
annular ring of paper and focus upon some desired object. Then 
remove the ring and cover the central spot of the glass; if no 
change of focus is needed the glass has no spherical aberration. 

To test the eye-piece, sight to a heavy black line drawn on 
white paper and held near the .side of the field of view. If it ap- 
pears perfectly straight the eye-glass is a good one. 

Chromatic Aberration is a defect caused by combining 
lenses of different and improper varieties of glass so that the yel- 
low or purple colors appear on the edge of the field. To test the 
telescope for this defect focus it upon a bright distant spot and 
slowly move the object glass out and in. If no colors are observ- 
ed around the edge of the field of view the telescope is free from 
this defect. 

Adjustments. The adjustments of the Wye-level are three 
in number and should be made in the following order: 

1. To make the line of collimation parallel to the bottoms 
of the collars. 

2. To make the axis of the babble tube parallel to the line 
of collimation. 

3. To make the axis of the bubble tube ])erpendicuhii’ to the 
vertical axis of tlie instrument. 

To mala' the test for the first ad justnient set Uj) the iii^tni- 
inent firmly upon solid ground, shaded fi'om sun jind wiiul. Di- 
i*('ct the' t(desc()p(^ towards the side of a huilding, a ftMiet* or other 
convtmient ()l)je‘(*-t and carefully centei- the i nte*rsection of the 
cross-hairs upon a well-defined ])oint, such as the lieiul of a tack, 
('lamp the vertical axis and loosen the telescope el ips. Kow 
slowly revolve the teh*seo])e in the wyes and Jiote if the intersec- 
tion of the ci-()ss-hairs continues to cover the point. If so, the 
line of collimation is in ad justment. 

If the intersection of the cross-hairs moves off the point, rt'- 
volve the telescope in the wyes as nearly as possible through ISO 
deorrees and carefully center a ])oint at the intersection of the 
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two points and establish a third point: by means of the screws at- 
tached to the cross-hair diaphragm, move the diaphragm so that the 
intersection of the cross-hairs covers the third point. Now re- 
peat the test and correct the position of the cross-hair diaphragm 
until the intersection of the cross-hairs covers one point as the 
telescope is revolved in the wyes. 

The horizontal cross-hair should at all points be at the same 
distance from the bottoms of the collars. To test this, carefully 
center one extremity of the hair upon a point, and by means of 
the tangent screw, slowly revolve the telescope upon the vertical 
axis, and if the hair covers the point from end to end, the adjust- 
ment is complete. If it does not, the hair is to be adjusted by 
the same screws as before. Making this adjustment will probably 
disturb the former one, and the two are to be repeated in succes- 
sion until satisfactory. 

It will be noticed that to make this adjustment, it is not nec- 
essary to level the instrument. 

Adjustment of the Axis of the Bubble-tube. To test this 
adjustment, first throw back the clips holding the telescope in the 
wyes, and then revolve the telescope upon the vertical axis 
to bring it directly over a pair of leveling s(u*e\vs and clamp the 
axis firmly. By means of these leveling screws bring tlu^ bubble 
to the center of the tube as accurately as possible. Now without 
disturbing the instrument, carefully lift the tt‘lesco|)e out of the 
wyes and turn it end for end, being careful when repla(*(‘(l in the 
wyes that the telescope comes to its seat at each end. 1 f the bub- 
ble in this new position of the telesc()|)o comes to ri‘st at llu^ ctm- 
ter of the tube, the axis of the tube is in ad justimmt. 

If the bubble does not return to tlio center, brine* it one-Iialf 
way back to the center by means of the vertical screws at one end 
of the bubble-tube, and the remainder of the way l)y the two hw- 
eling screws. Now repeat the test and correction as often as nec- 
essary until the bubble remains in the center of the tube. 

Having adjusted the bubble-tube over one pair of screws, 
test it over he other pair. 

When the horizontal hair is truly horizontal, the line of colli- 
mation and the axis of the bubble- tube should be in the same 

T-ilonci nPrt J-V. J ™ ^ 4!i. _J.l _ _• 1*. .t 
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been completed, loosen the clips of the wyes and bring the bubble 
carefully to the center of the tube. Now slowly revolve the tele- 
scope in the wyes and note if the bubble still remains in the cen- 
ter of the tube. If it does, the line of collimation and the axis of 
the tube are in the same plane. If the bubble runs to one end of 
the uube, bring it back by the horizontal screws attached to one 
end of the tube. 

It must be borne in mind that the first and second adjust- 
ments must be carefully made and that they are absolutely essen- 
tial if satisfactory results are to be attained with the instrument. 

Adjustment of the Vertical Axis. This adjustment is not 
absolutely essential, provided that every time a reading is taken 
the bubble is brought to the center of the tube by means of the 
parallel plate screws. However, the adjustment will expedite 
field work and should always be made. 

To test, level the instrument carefully over both pairs of 
screws; if the bubble remains in the center of the tube as the tele- 
scope is revolved on tlie vertical axis all the way round, the ad- 
justment is complete. If the bubble runs to one end as the tele 
scope is thus revolved, tlie vertical axis is out of adjustment ani 
may be corrected as follows. Hring the telescope directly over a 
pair of o])|)()site plate screws, and by means of these screws bring 
the bu])ble accurately to the center of the tube. Now revolve the 
teles(iope on the vertical axis as nearly as ])ossible through 1>S0 
degrees and note the displacement of the bubble: bring the bub- 
ble one-half of the way back to the center by the screws, at one 
end of the bubble-bar attached to the wyes, and the remainder of 
the distance by tlie jiarallel plate screws. Repeat the test and 
adjustment until the Inibble remains in the center of the tube in 
all positions of tlu^ telescope. 

Replacing the Cross-hairs. The cross-hairs in leveling in- 
struments may be either spider webs or platinum wire. Spider 
webs are better, but in selecting them care should be taken to see 
that they are free from dust and dampness. Probably the web of 
the little black spider is the most satisfactory, but the web of the 
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spun. Spider webs can best be carried by winding thenc. ^ 
around a stick. 

The cross-hairs are attached to the small diaphragm set at 
the principal focus of the object-glass. To replace the cross-hairs, 
carefully remove the diaphragm from the telescope tube and lay 
it upon a white surface with the cross-hair side upwards. It will 
be noticed that there are incisions upon the face of the diaphragm 
intended to indicate the position of the cross-hairs. Fasten one 
end of the spider web to the diaphragm by means of beeswax or 
paraffine, carefully suspending the other end of the web over the 
opposite incision upon the diaphragm; after the web has been 
properly stretched by fastening it to a match, fasten the web 
down as before. Kepeat the operation with the other cross-hair, 
then replace the diaphragm in the instrument, care being taken 
not to break the hairs. The first adjustment may then be made. 

The Dumpy-level. This instrument (see Fig. 41) differs 
from the Wye-level in the following points: the uprights which 
carry the telescope are firmly attached to tlie bar, and the level- 
tube is mounted on top of the bar. The telescope is attached 
firmly to the uprights so that the whole structure is rigid. At- 
tached to one of the uprights is a projecting piece with which one 
end of the level is connected in such a way as to p(‘nnit of a 
slight horizontal movement. The other end of llie h‘V(‘I-tiil)i‘ is 
fixed with two capstan -headed nuts to [)ermit of vtulical adjust- 
inent. 

A clamp and slow-motioii screw should 1)(‘ MllacluMl to the 
center. This, while not an ahsolnte necessity, will, wlum clamped, 
prevent unnecessary w^ear on the cenUu* wlum thi‘ insl is 

carried upon the shoulder. The telescoju* may (‘itlnu* er(‘c(iiig 
or inverting, but the latter is to be preferred. 

Tlie dumpy-level, though not as coiivtuiient in its adjust- 
ments as the "Wye-level, w'ill, nevertheless, wIkui |)r()pei’ly adjust- 
ed, give equally good results; while on accountof its simplicity and 
compactness, it is not so liable to have its ad justnuMits (listurb(‘d. 

Adjustments. The adjustments of the dumpy.h‘ve! are tw^o 
in number and should be made in the following* ordiu*: 

1. To make the axis of the bubble-tube perpendicular to the 

rrPrfipal avia 
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2. To make the line of collimation perpendicular to the 
vertical axis of the instrument. 

To make the first adjustment, set up the instrument firmly 
in a position shaded from sun and wind. Turn the telescope over 
a pair of opposite plate screws, and by means of these screws 
bring the bubble accurately to the center of the tube. Repeat the 
operation over the other pair of screws, and so on alternately over 
each pair of screws, until the bubble remains as nearly as possible 
in the center of the tube for both positions otthe telescope, care 
being taken not to swing the telescope through more than 90 de- 
grees. 

Now turn the telescope accurately over a pair of opposite 
plate screws and after leveling carefully, swing the telescope 
through 180 degrees directly over the same pair of screws. If the 
bubble remains in the center of the tube, the adjustment is com- 



])lete. IF the l)iil)l)le does not remain in the center of the tube, 
bring it ()iu‘diair way bacdc to tln^ center bv nieans of the vertical 
capstan -lu‘a(h‘d s(Mt‘Ws at one end of tlie tube, and tlie remainder 
of tlie distan(‘t‘ by tin' levading screws. Now rejieat tlie test and 
adjusliiKMit until tin* bubble remains In tlie center of the tube 
through all positions of Llie telescopi*. 

Till* si^cond ad justnuMit of the diuujiy-level must be made hy 
the ‘^I\‘g Midhod”. Select a piece of ground as nearly level as 
])()ssil)le and lay out a straight line upon it, from 100 to 000 feet 
in leiiiJ’th, drivino a stake at each end and at the center. Set up 
the level over the (*, enter stake and after leveling carefully direct 
the telescojie to the rod held upon N (see Fig. 40), and take the 
reading hy the target. Now direct the telescope to the rod held 
at J\[ and take tlie reading. The difference of these two rod read- 
ings at N and M will join the two differences of elevations, no 
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Now set up the instrument within about twenty feet of the 
stakes, as N, and take the rod reading; carry the rod to M and 
take the reading. If the difference of these last two readings is 
the same as before, the line of collimation is in adjustment; if not, 
correct nearly the whole error by means of the upper and lower 
capstan -headed screws attached to the diaphrag n carrying the 
cross-hairs. Eepeat the test and correction sever? i times until the 
difference of elevation from both positions of the i iStriiment agree. 

It may be well to note right here that the se ond adjustment 
of the Wye-level may be made by the “ Peg Method,” but it is 
thought that the method given is the more convenient. 

The Precise Spirit Level. The description of this instrument 
which is shown in Fig. 44 is taken from the catalogue of the 
makers, F. E. Brandis, Sons, & Co. 

The principle underlying the construction of the instrument 
is that the telescope can be moved in a vertical plane about a hor- 
izontal axis by means of a micrometer screw. This construction is 
especially adapted to the object in view, viz: of inulti[)l\ iiig the 
pointings on a mark either in the horizon of tlie iiistrmn uit or at 
an angle above or below. 

The superstructure consists of two uprights joiiuHl somewhat 
below their middle by a horizontal plate. The u[)[)tM' portions of 
the uprights are fashioned into Y’s, and carry the tt*hvscope and tlie 
striding level; the lower portions are cut out so a,s to h‘av(‘ guide 
])ieces passing outside tlie lower plate. A capstan -h(‘ad(*d pivot 
screw passes through each guide piece at one end into small soedv- 
ets in the fixed plate. Passing througli the fixial plat(‘, tlumni- 
crometer screw moves between the guide j)iec(‘s at lln‘ ol Inn- end 
and abuts against a small steel surface. Th(‘ fix(‘d |)hit(‘ earrics an 
index, and one of the guide pieces a corresponding scale* to ivgister 
the whole terms of the micrometer, and also a ])()inU‘r for nnuling 
the subdivisions of the micrometer head of whieli th(‘re are 100. 

The Gurley Binocular. The binocular hand levt*l, as the 
word implies, is a hand level with a double telescope attached. It 
''s similar to the monocular hand level in many resj)ects, except it 
IS provided with screw centering and focusing adjustment and 
can be adjusted to the different widths of the eye, avoiding all 
strain to the ocular muscles. 
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Adjustment. Follow tlie principles as laid down concerning 
the Locke hand level. 

The Gurley Monocular Hand Level. This instrument is a 
telescope hand level, by which readings are more definitely deter- 
mined on a rod at some distance than is possible with the ordinary 
hand level. 



Adjustment. Follow the principles as laid down relative to 
the Locke hand level. 


“ Setting up ” the Instrument. The term “ setting up the 
level” means to place it in position to secure horizontal sights. To 


Pip. 44. Precise Spirit Level. 
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equal distances apart so as to make the leveling plate horizontal. 
Bring the telescope directly over and in line with the two leveling 
screws between the plates and opposite each other. As you stand 
facing the instrument turn the thumb of the left hand in the di- 
rection of the motion of the bubble and turn both thumb screws 
towards or away from- each other, being careful not to strain the 
level plates by having the leveling screws too tight. These screws 
bear firmly upon the plates and should move 
ise ana smoothness, but there should be no movement 




of the vertical axis of tlio iiistriiinent. Tiiin llit‘ 
until the l)ubble appears along tin* gi’adiial ions of llio bub- 
ble tube and bring it to tlie nbnldhs llnui turn tin* lcl(‘^(*()p(‘ ;il 
right angles to tliese two screws and oven* tiu* otluu- two. In Iik(‘ 
manner perform tlie same operation as bi‘r()i*(‘. Tin-! will cuiihi* lli(‘ 
bubble to run aw^ay from its forimn* |)ositi()n; bidiig tli(‘ bubbb' ac- 
curately in tlie center of the tube oviu* th(‘S(‘ sci‘(‘ws, tbat is, ]ia\ - 
ing eipial spaces on each side of tlii^ zero of* tin* scab', llien turn 
the telescope over the former screw’s and bring tin* bubbb* in the 
center. Do this several times until the bubble remains stationary 
at any angle the telescope may turn; to test tliis, turn tin* teI(‘scope 
half way around and see if the bubble moves; should it remain 
stationary, the instrument is level. The level is, with few excep- 
tions. never nlaced in line f exe^^nt wIimti ] nn/mr fTita 
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peg method). It is usaally placed in some convenient spot where 
the greatest number of horizontal sights can be secured. As al- 
ready stated, the tripod legs must be so placed as to make the 
plates horizontal. This will save time in bringing the bubble in 
its proper position. Should it be required to set up the instru- 
ment on the side of a hill, place one leg at an altitude and the other 
two in apparent line with each other ( see Figs. 45 and 46 ), 
but where the tripod is adjustable the proper method is apparent. 

After the instrument is set up and leveled, focus the eye- 
piece upon the wires and focus the object-glass on the rod by 
means of the screw placed for that purpose on the top or side of 
the telescope Care should be taken not to take a reading until 
the bubble has been carefully observed and brought in the exact 
center of the bubble tube. When this is completed, sight through 
the telescope and note the rod reading or set the target rod; again 
look at the bubble and see if it has moved away from its former 
position; if not, again sight on the rod and see if the first observa- 
tion was correct. Should the intersection of the cross-hairs fail 
to coincide with the horizontal and vertical lines of the target or 
the center of the rod, the rodman is to incline the rod by the sig- 
nals of tlie ol)server, until it coincides or is in line of collimation. 

Care of the Instrument. This duty properly belongs to the 
instrument nuui or levcler, and the retpiirements should Le thoi- 
oughly understood. While in the. field, the instrument remains 
on the tripod and is carried from place to jilace as the uoik le- 
(piires, blit when taken any distance, such as on railway trains, 
strei't cars, i‘tc., it should he carefully placed in the bo.\ and car- 
ried by one who is capable of giving it proper care and attention. 

The instrument man being responsible for the instrument, it 
is natural, and perhaps best, that lie should always carry the in- 
strument. In fact, the greatest anioimt of [irecaiition should be 

exercised in the care of the instrument, both in the field and while 
convey! 11 <j; it. 

Tiistrunionta in general, tlie level in particular, should n6\ei 
be unduly exposed to the rays of the sun. as this will have a tend- 
ency to throw its various sensitive parts out of adjustment, theie- 
fo.-p. wbenovm- nossible. olace the instrument, whether it is on the 
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The leveler should always exercise great care not to disturb 
the instrument after it is set up and should avoid, as much as 
possible, walking around it unreasonably, especially if the ground 
is soft, or the position of the instrument not very firm. This ap- 
plies to all persons whether in the active performance of duty or 
not. It is frequently necessary to set up the instrument in places 
such as loose timber, rocks, etc., thus the importance of this care is 
apparent. If disturbed to any great extent it will be necessary to 
relevel it, and if the position of the legs of the tripod is disturbed, 
the entire work must be done over, because the height of the instru- 
ment will not be the same as in its former position. Should the in- 
strument be disturbed after a turning point has been established 
and its elevation ascertained, it will only be necessary to take a 
reading on the last turning point to determine the new height of 
the instrument. After leveling, the instrument man should keep 
his hands off the instrument except for the purj)ose of leveling and 
adjusting the telescope. lie should not make a ])ractice()f h^aning 
his weight on the tripod. It is often necessary t()S(m(l instruments 
great distances, and in so doing, in no case should it stmt by 
express or freight without first being properly pac.kt^d and secured 
against breakage; because of its fine construction an<l sensitiv(.‘- 
ness it may get out of ad justment to sucli an (‘\ltmt as to rtuider 
it impossible to readjust it for good work by any m(*thod known 
to the engineer, and may become worthless and lK‘yon(l r(‘pair even 
to an instrument maker. 

The student should appreciate tliat tlie care of tlu^ instrunumt 
is just as important to good work as its original (‘\ei‘Il(‘nee. 

Leveling. To determine the diiferetiee in (‘h‘vation biUwiHm 
two points, both of which are visilde from a singh^ position of the 
instrument, set up the instrunumt in such a position that tlu^ rod 
held upon either point will be visible. Now stmd tlu^ rod to oiui 
of the points as at A in Fig. 48; direct the t(‘h*sc()pe upon it and 
take the. rod reading; now direct the telescope to tlie rod ludd at 
B and again note the reading. Evidently the dilfereiice of the rod 
will give the difference in elevation of the two [)oints. 

If the points are too far apart or if the difference of elevation 
is too great to be determined from one setting of the instrument, 

i iiii -- 
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desired to find the difference of elevation of A and C in Fig 47, 
C being too far below A to permit of being read upon both points 
from a single position of the instrument. Set up the instrument 
(not necessarily on line from A to C) in some position such that 
the line of sight will strike the rod as near its foot as it is pos- 
sible to take a reading; send the rod to some point B such that 
the line of sight will strike the rod near the top when extended. 
The difference of these rod readings will give the difference of 
level of A and B. Now carry the instrument to some point such 
that rod readings can be taken upon B and C. The difference of 
the rod readings upon B and 0 added to the difference of rod read- 



ings ii[)()n A and B will give the difference of level of A and C, 
proj)er attention being given to signs. 

If the line of levels is very extended the above method is 
awkward, as some of the dilferences will be positive and 
sonu^ negativi‘. (dioose some plane called a datum plane, such 
that all of the points in the line of levels will lie above it. 

Beginning at the ])oint A, assume the elevation of the point 
above* tin* datum plane. Read the rod held uj)on A, and the read- 
ing add(‘d to the assumed elevation will give the height of the 
ci'oss-hairs abova* tlu^ datum plane, called the ‘-dieight of instru- 
ment” (ILL). Now, turn the instrument uj)on the })oint B and 
read the rod and it is evident that tliis last rod reading subtracted 
from the lieio-ht of instrument will give the elevation of B above 
the datum jdane. Next move the instrument beyond B, or at 
least where it can command a view of B and 0 and again sight to 
the rod lield upon B. This last rod reading added to the elevation 
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reading at 0 is subtracted will give the elevation of 0 above the 
datum plane. Fig. 48 will make the method of procedure apparent. 

Referring now to that figure, the first rod reading taken upon 
the point A is ordinarily called a “back-sight” and the first read- 
ing taken upon B is called a “fore-sight”. There seems to be no 
good reason for adhering to this method of distinguishing between 
the rod readings and it is illogical and misleading. A back sight 
is not necessarily taken behind the instrument, that is, in a direc- 
tion contrary to the progress of the survey, neither is a fore-sight 



necessarily taken in front of tin* instnuinnit . It is niori* logical 
and less niisleadini^ to designate thesi' rod ns-idiiiGs 1)\ tin* Icrms 
^‘plus-sight” and ‘‘ininus-siglit”. 

A plus-sight, therefore, is one takini upon a point of known 
or assumed elevation, to determine ht‘i(»liL of instrunnmt 

A minus-sight is one taken upon a jioint of unknown (‘kw'nlion 
and w'hich, subtracted from the Iieiglit of insl imnumt, will oiv(‘th(‘ 
required elevation. 

A ‘djench-mark” (B.M.) is some object of a pmmiammt 
character, the elevation of whitdi, togethm* wdth its location, is 
accurately determined for future reference and for clu^cking the 
levels. 

A “peg”, “hub”, or turning point” (T.P.), is a jjoint used 

for the ruirnose of chflnm'nn* tlltt r\-p i iinfxn 4- T’I.Ca. 
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turning point may be taken upon a bencb-mark, but is oftener 
taken upon the top of a spike or stake driven into the ground. 

’ If a self-reading rod is used, the instrument man will carry 
the notebook and record the rod readings as they are observed. 
The leveler should cultivate the practice of calculating the ele- 
vations of his stations as the work progresses, thereby enabling him 
to discern errors when they occur. 

If a target rod is used upon the work, the rodman should also 
carry a notebook in which he should at least enter all readings 
upon turning points and bench-marks and check up with the in- 
strument man at every opportunity. Under the circumstances, 
the instrument man is more or less dependent upon his rodman 
for the correct reading of the rod and when an inexperienced rod- 
man must be employed, the self-reading rod will give the better 
results. 

The limit of range of an ordinary leveling instrument is about 
400 feet, and siglits should not be taken at a greater distance. 

The method of keeping the field notes for the work above out- 
lined is given below. A level notebook especially adapted to 
the purpose should be procured, the notes entered on the left-hand 
pages, the right-hand ])ages being reserved for remarks, sketches, 
etc. 
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II. I. 

— S Elkv. 


A 
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of abutment 

(1 

2.ds() 

;»S7.()70 

7.sr)0 OSo.200 

Main street 

I) 



0.570 07S.1()0 

bridge. 

It 

will b(‘ 

notici'd tliiit 

till' Hiim 

of the j)lu> and 


minus rc^-idings (Mpials the dilferenee of elevation of the first and 
last stations, and these ([uantities should be checked as often as 
possible to discover errors in addition or subtraction. 

Profile Leveling. Tlie method of profile leveling is the same 
ill [irineiple as above outlined, luit the details of field work are a 
little different. 

In this sort of work it is intended to determine a vertical 
nf rrrmi ti d flhnvp datum nlane. To this end. rod read- 
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are plotted and the points connected, the resulting irregular line 
will closely approximate the actual line of the surface. 

Profile levels are usually run in connection with a transit or 
chain survey of the line, the positions of the points being first 
established upon railroad surveys. These points are usually 100 
feet apart unless the ground is very irregular, when they may be • 
50 or 25 feet apart or even less, the points being indicated by 
stakes. Upon sewer or street work they should seldom be mere 
than 60 feet apart and the readings should be taken with the rod 
held upon the ground. 

Fig. 49 will illustrate the difference between profile leveling 
and the first system outlined, sometimes called diflerential leveling 
or ‘^peg” leveling. Referring now to that figure A 13 is the datum 



Fif?. 40. 

plane and the full lines at C.I), and F reprt^sinit positions of tlii‘ 
rod for turning points. Assuming tlu' i‘l(‘Vjition of lln^ |)()iiiL ( ), 
the rod is held uj)on it and the r(‘ading ^.ddiMl to lh(‘ oh^vnlioii for 
the height of instrument. Tlie rod is them (*;MM-i(Ml sue<*(‘ssiv(‘l^ lo 
the points <7, r, and each reading is in turn subtracted from 
the height of instrument at C, to get tluu‘h‘vations of llu'se points. 

The rod is then held upon the point 1), th(‘ inst runumt moved 
and the plus-sight upon I) added to the elt‘vation for the new 
height of instrument. The rod readings ui)on r, f\ y, /^, /, etc., 
are then each subtracted from this new lumdit of instrument for 
elevations. 

This figure illustrates the improper use of ih- terms back- 

ainrlif tjn/t a i /vVi f HnUr. -m/vU » .1 T 


„ 4. /I 


1 / 
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behind the instrument, but the rod reading at 0 is the only 
plus-sight. 


The method of keeping the field notes 

is illustrated below. 

Sta. 

+ s 

H. I. 

— s 

Elev. 

0. 

3.25 

585.70 


582.45 

+ 50 



3.78 

581.92 

1 



4.18 

581.52 

+ 50 



5.06 

580.64 

T. P. + 62 

2.64 

681.49 

6.85 

578.85 

2 



3.10 

578.39 

+ 50 



3.18 

578.31 

3 



3.90 

577.59 

+ 50 



4.60 

576.89 

4 



5.25 

576.24 


CROSS-SECTIONING . 

One of the most important problems that confronts the 
leveler is the setting of ^‘slope stakes,” called cross -sectioning, 
from which may be determined the amount of earthwork in cut 
or till, ai]d which mark the extreme limits of the operations of the 
construction cor])S in building railways, highways, sewers, canals, 
irrigation ditches, etc. 

Tlic ])roblem is as follows: (-iivcn the required width of 
finished roadbed or channel, with proper side slopes (depending 



upon the kind of material), it is required to determine where 
these side slopes will intersect the natural surface of the ground 
with reference to the center line of the suiwey. The center line is 
defined bv stake, carefully aliorned and le^'^eled, and a profile of it 
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elevation of the finished roadbed or channel with reference to the 
natural surface of the gi’ound. 

Let us assume the ground to be level transverse to the center 
line. Depth of cut at center = 12 feet; side slopes 1| feet hori- 
zontal to 1 foot vertical; width of cut at bottom = 20 feet. See 
Fig. 60. 

Set up the instrument in some convenient position that will 
command a view of as much ground as possible. Hold the rod 
upon the ground at the center stake and note the reading. Sup- 
pose it to be 3.5 feet. Now if the ground is level, the distance 
from C to B is evidently 10+(12xlJ) =28 feet and the rod 
should again read 3.5 feet when held at B. The point A would 
be found in the same way. 

The notes would be kept as shown below. 


Sta. 

Dis. 

Left 

Center 

Kiglit 

Area 

C.Yds. 

175 

50 

+ 12.0 

+ : 

12.0 


+ 12.0 





28 



28 



176 


+ 3.0 
1+5 

+ 

6.0 

+ 7 

+ ^2 
23.80 



176 

50 

+ 2.5 

+ 

5.0 

0 

+ 8.0 





13.76 



22 




The preceding example illustrates one of the sini[)lest cases 
that occur in practice. Let us now take tile case of a line located 
upon the side of a hill. See Fig. 51. 

Depth to grade at center (5 feet; width at bottom 20 fei't; 
side slopes Id to 1. As before, hold the rod upon the ground at 
C and determine the height of instrument above (). Siijiposo this 
to be 5.5 feet. Now, if the ground were level through (J it would 
be necessary to measure to the right 10 + (Ox lA) = 10 fc(‘t to the 
jioint I) and the rod should read 5.5 feet. Instead it reads, say 
2.8 feet. We know therefore that wo have not trone out far 

<D 

enough by (5.5 — 2.8) = 4.05 feet, if the ground were level 

through the point D, bringing us to the point E where the rod 
should read 2.8 feet. Suppose it reads 2.3 feet. We must then 
go out 0.75 foot farther, each move bringing us closer and closer 

f/'\ flirx T? J 4-! ...... — T. ~ - i. J . ; - 
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work the instrument man can direct the rod closely enough to the 
point B for all practical purposes. We then enter the notes in 
the second line of the record shown above. 

Upon the left of the center, these operations are reversed. 
That is to say, we measure out 19 feet and instead of the rod read- 
ing 5.5 feet, it reads, say, 8.5 feet. We know then that we are 
out too far by 4.5 feet. We then move in toward the center the 



required distance and read the rod again, noting how iiiuch it dif- 
fers from «S.5 fec‘t, if any, and enter the hnal results in the notes. 

A third case is shown in Fig. 52, in whicli tlie transvers^^ 
slope is not uniform. The method of })rocedure is the same as in 
the other cases, but tlie rod should be held at the point where the 
slope changt‘S in ordm- to lind its heiglit above grade. Enter this 
and tin* distanet^ out in the third line of the notes. 

'Ida* ti“ansv(‘rse s(*(‘tio:i may be \ery irrc^giilar, in which case 
it may i)(‘ n(‘C(‘ssary to La,lu‘ riaidings at s(W'(‘ral points In order to 



Fig. 52. 

calculate the area of the sections with more exactness. At times 
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compound section. Each material will, of course, have its own 
proper side slope, and the depth and extent of each must be deter- 
mined by soundings. 

In case the section is in fill instead of in cut, the method is 
the same as in the preceding cases, as will be illustrated in the fol- 
lowing examples. Let us first take a section level transversely. 
See Fig. 53. 

In this case the finished grade is to be 9 feet above the point 



C. Hold the rod at 0 and suppose it reads 3.25 feet. Now since 
the ground is level we go out to the right and left 9-|-(9Xl-§) 
= 22.5 feet and set the stakes at A and 13 entering the record in 
the notebook as before, except that now the numerator of the 
fraction will be marked — instead of +. 

We will next take the case where the surface of the ground 
has a transverse slope. See Fig. 54. Now hold the rod at the 
point 0, and suppose it reads 9.25 feet. Now if the ground were 



Fig. 54. 

level through C we would have to go out to the right 9 + (6.25 
X 1.5) = 18.4 feet to some point D. But there the rod reads, say, 
1.5 feet, hence we know we are out too far by 7.75 X 1.5 = 11.63 
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say, 3.5 feet and we move out again 2.0 X 1.5 = 3 feet. Therefore 
we move back and forth until we find the point B where the com- 
puted rod reading and the actual reading agree. 

Sometimes it will be found that a part of the section is in 
cut and a part in fill, but methods outlined will serve in any case. 

The distance between the sections longitudinally will depend 
upon the nature of the ground. On uniformly sloping or level 
ground they may be taken 100 feet apart. Over uneven ground 
it may be necessary to take them as closely together as 25 feet or 
even less. In the sections themselves, a sufficient number of rod 
readings should be taken that the area of the sections may be 
determined with reasonable accuracy. 

After the field work is completed, the notes are plotted, 
usually upon cross-section paper, and the areas determined either 
with a planimeter, by Simpson’s rule or some other method. These 
sections then divide the earthwork iiito a system of prismoids of 
whicii the volume must be calculated. The formula for calculat- 
incr volumes is known as the Prismoidal Formula and is as follows: 

(A+4M + B) 

in which I — length between consecutive sections, A = one end sec- 
tion, B = the other end section and M — the section midway be- 
tween the two. The result is given in cubic yards. 

The mistak(‘ must not he made of assuming that M is a ineaii 
between A and 11; hut a tlieoretical section must be plotted whose 
dimensions are a mean l)etween those of A and B. This often 
results in <|uite a coin plicated j)rohleni, and various other formulas 
have l)een devised to give sufficiently close results witliout tlu‘ 
labor ami time involved in the preceding. This 'will he tivated in 
detail in I tail road Eno-ineerinej. 

ID O 
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The meridian plane of any place upon the earth’s surface 
is a plane passing through the zenith of the place and the 
poles of the earth. A true meridian is, therefore, a line lying in 
this plane, and would, if produced, pass through the poles. 

The magnetic meridian plane would in the same way be 
defined by the zenith and the magnetic pole of the earth; but since 
this pole is not fixed in position, the magnetic meridian is defined 
as the direction of the line indicated by the position of the 
magnetic needle. 

At a few places upon the surface of the earth, the true meridian 
and the magnetic meridian coincide at times ^ but for the most 
part they differ in direction by an ever varying quantity. The 
angle at any place between the true meridian and the meridian as 
defined by the magnetic needle, is called the magnetic declination 
for that place. If the direction of the magnetic meridian were 
constant, or if the changes followed any loarticular law, it would 
be a comparativ(‘ly simi)lo matter to determine the declination for 
any time or plac(‘. Tlie variations occurring are of three principal 
kinds— diurnal, annual, and secular, the last being the most 
important. 

Diurnal Variation. On continuing observations of the 
direction of tlu' m‘(‘dl(‘ throughout the day, it will be found that 
tlie north taid of th(‘ nc‘(Hlle will move in om‘ dinn-tion from about 
8 A. M. until slKU’tly after noon, and tlu'u gradually ndurn to its 
former positicai. 

Annual Variation. If observations be continued throughout 
the year, it will be found that the diurnal changes vary with the 
seasons, b(‘ing grc'ater in summer than in winter. 

Secular Variation. If accurate observations on the declination 
of the needles in the same place, are continued over a number of 
y(?ars, it will be found tliat there is a continual and comparatively 
constant increase or decrease of the declination, continuing in the 



68 


PLANE SURVEYING 


Besides the aboye, the declination is subject to variations more 
or less irregular, due to local conditions, Innar perturbations, sun 
spots, magnetic storms, etc. 

The declination in any part of the United States may be 
approximately determined by consulting the chart issued from time 
to time by the United States Coast and Geodetic Survey. (See 
chart, page 132.) Upon this chart all points at which the needle 
points to the true north are connected by lines, called agonic lines 
or lines of no declination. Lines are also drawn connecting points 
of the same declination, called isogonic lines. 

The isogonic curves or lines of equal magnetic declination (variation 
of compass) are drawn for each degree, a + sign indicating West declination, 
a — sign indicating East declination. 

The magnetic needle will point due North at all places through which 
the agonic or zero line passes, as indicated on the chart. 

Before undertaking an extensive or important survey, it is 
the first duty of the surveyor to determine accurately his declina- 
tion. This is best done by laying out a true meridian upon the 
ground and comparing its direction with that indicated by the 
needle. Before describing the methods of laying out a true 
meridian, it will be best to describe the compass. 

THE COMPASS. 

Construction. The surveyor’s compass consists primarily of 
a circular brass box, carrying, upon a iDivot in its center, a strongly 
magnetized needle (see Pig. 56). The inside edge of tluj box on a 
level with the needle, is usually graduated to half degrc^es, and 
smaller intervals may be “ estimated.” Two points diametrically 
opposite each other are marked 0°, and form the north and south 
ends of the box, the south end being indicated by the letter S, and 
the north end either by the letter N or by a fleur-de-lis or other 
striking figure. The divisions extend through 90° upon both sides 
of these points, to the east and west points marked resi^ectively 
E and W. The east side of the box, however, is on the left as the 
observer faces the north end; this is because the needle remains 
stationary while the box revolves around it. The divided circle is 
sometimes movable, being fitted with a clamjp and tangent-screw 

£ J.J.: -iS* J_1 . T T j* O II n 
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The magnetic needle is the most essential part of the compass. 
It consists of a slender bar of steel, nsnally five or six inches long, 
strongly magnetized, and balanced on a pivot so that it may turn 
freely and thus continue to point in the same direction however 
much the box carrying the pivot may be turned around. To this 
end the pivot should be of the hardest steel, ground to a very 
fine point, or, better still, of iridium; and the center of the needle 
resting upon the pivot should be fitted with a cap of agate or other 
hard substance. 

To distinguish the ends of the needle, the north end is usually 



cut into a more ornanuaital form than tlu‘ south end, or tlu^ latter 
end may b('. rc'cognizcHl by its carrying a coil of wire to balance tlie 
“dip.” 

Intensity of directive force and sensitiveness are the chief 
rcquisitc‘S in a magn(‘tic needle, and nothing is gained by making 
a needle over five inches in lengtli. Indeed, longer needles are 
liable to have their magnetic joroi^erties impaired by polarization. 
The needle should not come to rest too quickly. Its sensitiveness 
is indicated by the number of vibrations that it makes in a small 
soacB before cominp* to rest. Should it come to rest Quicklv or be 
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is weak or that there is undue friction between needle and pivot. 

The under side of the box should be fitted with a screw which, 
engaging a lever upon the inside of the box, will serve to lift the 
needle off the pivot when the instrument is carried about. 

The sights form the next most important feature of the 
compass. They consist of two brass uprights, with a narrow slit 
in each, terminated at intervals by circular apertures. They are 
mounted directly upon the compass-box; or the bottom of the box 


may be extended at each end in the form of a plate, and the sights 



attached at the ends of the plates. How- 
ever mounted, the sights should have 
their slits in line directly over the north 
and south points of the divided circle. 
The right and left edges, respectively, of 
the sights, may have an eye-piece and a 
series of graduations, by which angles 
of elevation and depression for a range 
of about twenty degrees each way can 
be taken with considerable accuracy. 
This device is called a tangent scale, 
so called because of the distance of the 
engraved lines from the O'^ line being 
tangents (with a radius equal to the 
distance between the sightsj of the 


angles corresponding to the numbers of the lines. 


The spirit levels may be placed at right angh^s to each oth(T 
in the bottom of the compass-box, or mounted in the sanu^ way 
upon the plate. 

The compass is usually fitted to a spindle made slightly 
conical, which has on its lower end a ball turned i^erfectly si)heri(‘al, 
confined in a socket by a pressure so light that the? ball can be 
moved in any direction in leveling the instrument. The ball is 
placed either in the brass head of a Jacob staff, or, better, in the 
top casting of a tripod. 

A j)lumb-bob should be provided with the instrument to center 
it over a stake. 

A telescope is sometimes provided, to be attached to one of 
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line of sight. The compass is, however, so inaccurate that it would 
seem to be an unnecessary refinement. 

Prismatic Compass. This is a form of compass used in 
general where merely ordinary work is required. It is about 
3 inches in diameter with a floating metal dial (see Fig. 57), and is 
provided with folding sights and prism. By means of the latter it 
may be read while being pointed. This is especially useful when 
the instrument is held in the hand. Although it can be mounted 
on a Jacob staff, it is usually held in the hand and carried in the 
observer’s pocket. 

Adjustment. To Adjust the Levels, First bring the bubbles 
to the middle of the tube by the pressure of the hand on different 
parts of the plate, and then turn the instrument half-way roxmd. 
If the bubbles remain in the middle of the tubes, the tubes are in 
adjustment. If the bubbles do not remain in the middle, raise 
or lower one end of the tube to correct one-half the error. Eelevel 
the instrument, again test, and apply the correction as before. 
Continue the operation until the levels are in perfect adjustment. 

To Adjust the Needle to the While the compass 

is still in a perfectly level condition, see if the needle is in a 
horizontal plane. Should this not be the case, move the small coil 
of wire towards the high end until the needle swings horizontally. 

To Adjust the Sight- Vanes, Observe through the slits a 
fine hair or thrc*ad made exactly vertical by a plummet. Should 
the hair api)ear on the sid(i of the slit, the sight-vane must be 
adjusted by filing its under surface on the side that seems the 
high(‘r. 

To Adjust the Needle, Having the eye nearly in the same 
plane with the graduahnl rim of the compass-box, bring one 
end of tlui needk‘ in lino with any x^rominent graduation mark in 
the circle, as, for instance^ the zero or the 90-degroe mark, and 
notice if th() other c'lid corresponds with the same degree upon the 
oj^posite sidt‘; if it does, the needle is said to ‘"cut” ox^posite 
degrees; if not, b(aid tin' center xun, until the ends of the needle 
are brought into line with the ox)posite degrees. 

Then, holding the needle in the same position, turn the 
instrument half-way round, and note whether the needle now cuts 
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needle, and the other half by bending the center pin. The 
operation of testing and correcting should be repeated until perfect 
reversion is secured in the first position. This being obtained, the 
operation should be tried on another quarter of the circle; if any 
error is found, the correction must be made in the center pin only, 
the needle being already straightened by the previous operation. 
When the needle is again made to cut, the test should be tried in 
the other quarters of the circle, and the correction made in the same 
manner, until the error is entirely removed and the needle will 
reverse at every point of the graduated circle. 

Use. In the operation of locating points, and therefore lines, 
by angle-measuring instruments, two operations are necessary: — 
(1) to measure the angle at the instrument between some given line 
and the line passing through the given point; (2) to measure the 
distance from the instrument to the given point. For the first 
operation two types of instrument are in general use — the 
compass and the transit. For the compass, the line of reference 
from which all angles are measured is a meridian, and the angular 
deviation from this line is called the bearing. The bearing and 
length of a line are collectively named the course. The compass, 
therefore, measures bearings directly and angles indirectly. 

To Determine the Bearing of One Point from Another, 
“Set up” the compass over one of the looints, and level carefully. 
Turn the sight-vanes in the direction of the second point, with the 
north end of the plate ahead. Hold a rod upon the second point, 
and cover it with the slits in the sight-vanes. Now lower the 
needle upon the pivot, being sure that the instrument is still levc‘1; 
allow it to come to rest, and read the bearing. 

To Survey a Series of Lines with the Compass. “Set up” 
the compass over the iDoint A, with the north end of the plate 
ahead (Pig. 58); and after leveling, turn the sight- vanes to cover 
a rod held upon the point B. Now send out the tape in the direction 
of B, and, sighting through the slits, signal the head tapeman 
into line. Continue this until the xooiiit B is reached. Now read 
and record tlu‘ bearing and the length of the line. Take iq) the 
instrument, and carry it to B. Set it up over B, with the north end 
ahead, that is, pointing in the direction of the survey. Level, and 
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Kead the bearing as a check upon the former one, but reversed in 
direction; e., if the bearing from A to B was north by east, the 
bearing from B to A will be south by west. If the direct and 
reversed bearings check, turn the north end of the compass to cover 
a rod held upon 0. Bead the bearing, measure B C, take the 
instrument to 0, and proceed as before. 

If at any station, such as C, the direct and reversed bearings 
do not agree, take the instrument back to B and again take the 
bearing of B C. If they still disagree it indicates local attraction 
at C. Take the instrument to D and take the bearing of D 0, 



comparing it with the bearing of 0 D. If these disagree, record 
the bearings of B C and D 0 as well as those of C B and 0 D. 
The latt(‘r should check the former, since the local attraction at C 
will affect both lines equally; and the correct angle between the 
lines can be computed. 

Locating a st'ries of lines with certain lengths and bearings is 
essentially tlu* same as above*, exc(‘pt that after the compass has 
bt'Cii turiu‘d ill tlui proper direction, the stations must be brought 
into ])rop(‘r liiu*. 

H(‘r(‘. it may be wa*!! to remark iiiDon the i^roper method of 
reading aiul ri'cordi ng bc*arings. Always read the north or south 
end of th(* platen first; i. e., if a line has a bearing east of 
north, it should b(i ri'ad and recorded N 35° E. If the bearing is 
90° east or wast of north or south, record tlie bearing as E or "W. 

The Gunter’s chain is always used in land surveys made witli 
the compass, and deeds and records of such surveys are based 
UJ3011 the Gunter’s chain as the unit. 

Hints licaavdiiia the Use of the Co7nv(tss, Sometimes, as 
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etc., the compass cannot be set upon the line. In such a case 
measure off equal distances at right angles to the line, and find the 
bearing of the parallel line; the length should be measured upon 
the line itself. In other cases it may be more convenient to set 
the compass or rod “in line” upon the line produced, or upon some 
intermediate point of the line. 

It is more important to have the compass level, crosswise of 
the sights, than parallel with them. 

Avoid reading the bearing from the wrong number of the two 
between which the needle points, as for instance 35° for 25°. 

Check the vibrations of the needle by gently raising it off the 
pivot and lowering it again by means of the screw on the under 
side of the box. 

If the needle is slow in starting, smartly tap the compass to 
destroy the effect of any possible adhesion to the pivot or friction 
of dust upon it. 

Avoid holding the pins, axe, or any other body of iron, in 
close proximity to the needle. 

Should the needle adhere to the glass after the latter has been 
dusted with a handkerchief or has been carried so as to rub 
against the clothes, the trouble is due to the glass being thereby 
charged with electricity and may be obviated by moistening the 
finger and applying it to the^glass. 

RELOCATION. 

SupiDOse it is required to relocate a line, no trace of the old 
survey being at hand except the given line. Now, b(‘tvvtH‘n the 
date of the old survey and the i)resent, the declination of tlu‘ ii(‘cxlle 
has changed several degrees. The first duty of the siirv(‘yor is to 
consider this question very carefully, and to ascertain tlui x)robable 
amount of change in the magnetic needle. Sux^pose tlu^ rt^sult of 
his inquiry leads to N 38° 15' E as the bearing. Starting at 
corner A, Fig. 59, the surveyor runs a random line AS on the 
bearing N 38° 15' E, and measures along this line a distance of 
32 chains, or 2,112 feet, to x^oint S. On arriving at S, the surveyor 
X^roceeds to look over the ground on both sides of this point for a 
lost corner, which is described in the old record as a monument, 
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no trace o£ this mark can be fonnd, nothing further can be done 
from the data at hand. However, should the mark be found at m, 
a perpendicular is dropped upon the line AS, and its length is 

measured, as is also the distance i^S. 
It is now evident that the distance 
An becomes known. From the right 
triangle, the angle nAm can be com- 
puted, and the present magnetic bear- 
ing of Am can be determined. 

For example, suppose that mn is found to be 37.4 feet, while 



An is 2,110.5 feet, then tan. nAm =- ^ -- ■ = 0.01772, whence nAm 
=1° 01', and the present magnetic bearing of Am is N 39° 16' E- 


The distance Am = — -=2,110.84 feet. This indicates 

that the present work is correct, and that the old survey was in error 
by 1.16 feet. As tliere is a principle of law that establishes corners 
and monuments, rcsurveya must control; therefore the new record 
of the line Am is N 39° 10' E, 2,110.84 feet. Intermediate points 
of the line Am may now be established from the starting point 
running it out with the new bearing. 


EXAMPLE FOR PRACTICE. 

Compute the distance and bearing of two x^oints whicdi are not 
intorvisible. C^all tlie line GH. A line is run approximately near 
H, from tlui known conu^r G to a x^oint A wliicli is visible to H: 
the b(‘aritig and hmgili of this line being N 42° In' E. 714.5 feet 
AH being N 1° 08' E, 210.5 feet. 

Alls. N 33° 14' E, 883.24 feet. 

To Find the Bearing of One Line to Another. Suppose, in 
Fig. GO, tliat of tlui traet of land tlierein described there has been 
prex^ared a rough x^l^f ux)on which tlu‘ angles, bearings, and 
distance's as takc'ii from the held book are figured. In order to find 
the bc'aring of one' liim to anotlier, adel toge‘the'r the inteTior angle's 
fornu'd at all tlui corners; call their sums a\ inultixdy the numbcT 
of the sides by 180°; from the x^i’oduct subtract 3G0°. If the 
rt'km o 1 n la omiJil iri n fhiQ iQ -nrnnf tlmf. the hnvf^ been 
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there will always be some discrepancy, but if the field work has 
been performed with reasonable care the discrepancy will not 
exceed two minutes for each angle. In this case divide it, in equal 
parts, among all the angles, adding or subtracting, as the case may 
be, until it amounts to less than one minute for each angle, when 
it may be entirely disregarded in common farm surveys. 

The corrected angles may now be marked on the plot in ink, 
and the penciled figures erased. We shall suppose the corrected 



ones to be as shown in Fig. 60. Next, by means of these corrected 
angles, correct the bearings also. 

Select some side, the longer the better, from two ends of which 
the bearing and the reverse bearing agrtn?, tlius showing that tlu^ 
bearing was probably not influenced by local attraction. L(‘t side 
2 be the one so selected; assume its bearing N 75° 32' E, as taken 
on the ground, to be correct; through either (md of it, say at its 
farther end 2, draw a short meridian line, x>arallel to whicdi draw 
others through every corner. 

Now, having the bearing of side 2, N 75° 82' E, and Requiring 
that of side 3, it is plain that the reverse bearing from corner 2 is 
S 75° 32' W, and that therefore the angle 1 2 m is 75° 32', 
Therefore, if we take 75° 32' from the entire corrected angle 1 2 3, 
or 144° 57', the remainder 69° 25' will be the angle m 2 8; conse- 
quently the bearing of side 3 must be S 69° 25' E. For finding 
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bearing of side 3, also equal to 69° 25', and if we add this to the 
entire corrected angle 2 3 4, or to 69° 32' we’have the angle ad 4 
= 69° 25' + 69° 32' = 138° 57', which, taken from 180°, leaves 
the angle 5 3 4 = 41° 3' ; consequently the bearing of side 4 must 
beS41° 3' W. 

For the bearing of side 5, we now have the angle 3 4 c = 41° 

3', which, taken from the corrected 
angle 3 4 5, or 120° 43', leaves the 
angle 4 5 = 79° 40', consequently 
the bearing of side 5 must be N 79° 
40' W. At comer 5, for the bearing 
of side 6, we have the angle 4 5 = 

D 79° 40', which, taken from 133° 10', 
leaves the angle fZ 5 6 = 53° 30'; 
consequently the bearing of side 6 
Pig. 61 . must be S 53° 30' W; and so with 

each of the sides. Nothing but careful observation is necessary to 
see how the several angles are to be employed at each comer. 


B 



FARM SURVEYING. 

Method of Progression. Farm surveying with the compass 
does not differ in any essential i^articular from the methods 
outliiu'd for surveying a series of lines. If the boundary lines are 
irregulfir, it will b(‘ necessary to measure offsets at proper intervals, 
that tht' iiicludtHl area may be calculatt^d. Tlie method above 
described is known as the method of progression. 

Method of Radiation. The method of radiation consists in 
setting up tlu‘ instrument at some i^oint inside or outside tlie field, 
from which all the corners are visible and accessible', and tlu'ii 
measuring th(^ bearing and lengths of the lines to these coriu'rs. 
Fig. ()1 illustrates the method. Set up the compass at the point O. 
and takci the bearings and lengths of the lines O A. O B, 0 C, 
O D, and 0 E. 

Method of Intersections. Lay off a base-line of convenient 
length iiisuh^ or outside the field, from which all the corners are 
visible. 8c‘t u ]3 the compass at one end of the base-line, and take 
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) tlie other end of the base-line, and take the bearings 
each corner in succession. Take the bearing and length 
oase-line. Now, when these bearings and lengths are 
, the intersections of the lines will define the comers. 

-oofs of Accuracy. When the survey of a field is plotted, 
if the end of the last course meets the starting point, it proves the 
work, and the survey is then said to “close.” Errors of closure 
may be due either to incorrect lengths of lines or to incorrect 
bearings, or to both. 

Diagonal lines running from comer to comer of a field may 
be measured and their bearings taken. When these are plotted, 
their meeting the points to which they were measured proves the 
accuracy of the work. 

Finally, the accuracy of the work may be tested by calculating 
the “latitudes and departures” of all the courses. If their algebraic 
sum is equal to zero, , the work is correct. A check upon the 
bearings may be had by calculating the “deflection angles” between 
the courses. If their sum is equal to 360 degrees, the bearings 
are correct. This, however, will seldom be the case. A certain 
amount of error is permissible, depending upon the nature and 
importance of the work. 

Field Notes. The field notes may be recorded in various ways, 
the object being to make them clear and full. 

1. The surveyor may make, in the field book, a rough sketch 
of the survey by eye, and note on the lines their bearings and 
lengths. If a i^rotractor and scale are available, the actual Ix^ariiigs 
and hmgths of the lines may bo plotted in the notebooks, as well 
as offsets, etc. 

2. Draw a straight line vp the page of tlie not(ibo(dv, and 
record on it the bearings and lengths of the lines. Ottsets, 
tie-linos, etc., can be iDlotted in their proper i^ositions. 

3. Write the stations, bearings, and xlistances in three 
columns. This method has the advantage, when applied to farm 
surveying, of being convenient for use in the subst^quemt calcula- 
tion of contents, but does not give facilities for noting effects. It 
is illustrated as follows: 
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STATIONS. 

BEARINGS. 

DISTANCES. 

0 

N. 32° E. 

16.82 

1 

S. 36° E. 

18.90 

3 

S. 2734° W. 

7.85 

4 

S. 16° W. 

15.30 


Notice that distances are given in Gunter’s chains, and in 
calculating content the result will be given in square chains, which 
can be reduced to acres by pointing olBf one decimal place. 

To Change Bearings* In certain kinds of work with the 
compass, it is convenient to assume one of the lines as a meridian, 
and it then becomes necessary to change the bearings of all of the 
other lines to conform with the assumed meridian. This case is 
best illustrated by an example. 

The bearings of the sides of a field are here shown: Suppose 
now that the first course is assumed as a meridian, that is, that ils 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N. 35° E. 

2.70 

2 

N.8334° E. 

1.29 

3 

S. 57° E. 

2.22 

4 

S. 34>4° W. 

3 55 

5 

N. 5614° W. 

3.23 


bearing is duc' north and south. Rc‘(piin‘d the bi‘ariiigs of the 
reinaiuiiig cours(‘S. 

SincHi tlui courses are changed to tln^ west by IhV, the new 
bewaring of course 2 will be N dy-i"" E. Of course 3 it will bt‘ 
57° + 35° — 92°, or the new bearing will be N 88° E. Of course 
4 it will be 34|° — 35°, or f ° in tlu‘ next quadrant, or tlu‘ bearing 
will b(i S f E. Of course 5 it will be 56^° + 35° = 91^-°, or the 
bearing will be S 88i^° W. 

EXAMPLE FOR PRACTICE. 

The bearings of a series of courses are given as follows i 
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It is required to determine the bearings of all the courses, due 
to this change. Find bearings and plot the lines. 

Ans. Course 2 = N 62i° E; 3 = N 9° W; 4 = N 68° W. 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

S. 21“ W. 

12.41 

2 

N. 831^° E. 

5.86 

3 

N. 12“ E. 

8.25 

4 

N. 47“ W. 

4.24 


Latitudes and Departures. The latitude of a point is its 
distance north or south of some line taken as a of latitude^ 

or line running east and west. 

The longitude of a point is its distance east or west of some 
line taken as a meridian^ or line running north and south. 

The distance that one end of a line is north or south of the 
other end is the “ DiflPerence of Latitude” of the two ends of the 
line, and is called its northing or southing, or its latitude. 

The distance that one end of a line is east or west of the 
other end is the “ DiflPerence of Longitude ” of the two ends of the 
line, and is called its easting or westing, or its departure. 

The terms Latitude Difference and Longitude Difference have 
of late come into quite general favor; but while tht^y are xxTliaps 
more explicit, they are certainly cumbersome, and the oldc^r tt'rins 
will be adhered to in what follows. 



In Pig. 62, N S represents a ini'ridian, 
and E W a iDaralhd of latitude'. If w(j 
take the lino O A, its beariug as given 
by the compass is the angle NOA. The 
latitude or northing of the point A is 
therefore A B ~ O A cos NOA. Its 
departure or easting is O B = 0 A sin NOA. 

To find the latitude of a course, 
multiply the length of the course by the 
natural cosine of the bearing; and to find 
the departure of any course, multiply the 
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If the course be northerly, the latitude will be north, and will be 
designated by the sign +, or plus; if the course be southerly, the 
latitude will be south, and will be designated by the sign — , or minus. 

If the course be easterly, the departure will be east, and will be 
designated by the sign +, or plus; if the course be westerly, the 
departure will be west, and will be designated by the sign — , minus 

Thus in the figure, OA is of plus latitude and plus departure; 
OP is of plus latitude and minus departure; OD is of minus 
latitude and minus departure; and 00 is of minus latitude and 
plus departure. 

For calculating latitudes and departures, a set of traverse 
tables may be procured; but a table of natural functions wiU be 
satisfactory, though possibly less convenient. 

Testing a Survey by Latitudes and Departures, It is evident 
that after the surveyor has gone completely roimd a field or farm, 
measuring all the lengths and bearings, returning to the starting 
XDoint, he has gone as far north as south, and as far east as west. 
In other words, if the work has been done correctly, the algebraic 
sum of the latitudes must equal zero, and the algebraic sum of the 
dex^artures must equal zero. This condition, however, will seldom 
be attained, and it becomes necessary to decide how much error 
may bo x^ermitted without necessitating another survey. This will 
depend ux)on the nature of the work and its imx^ortance, and a 
surveyor will soon determine for himself his factor of error, 
dex^ending x^artly ux^on his instrument, partly upon personal skill, 
for ordinary cases. If it is necessary to dex^end ux^on a “green"’ hand 
to carry the tax)e or chain, this may prove a fruitful source of error. 

Wc shall now x)roct‘ed to calculate the latitudes and dex^artures 
of the survey as given below. Arrange the diagram as below with 
seven columns: 


STATIONS. 

15K\UIN(iS 

DISTANCES. 

1 LATITUDES. 

DEPARrUEES. 

N. ! 

s. 1 

E. 

w. 

1 

S. 21° W. 

12.41 


11.591 


4 443 

2 

N. 8314 ° E. 

5.86 

0.691 


5 819 


a 

N. 12° E. 

8.25 

8 069 


1 716 


4 

N. 47° W. 

4.24 

2 892 



3.104 



30 76 

n 652 

11 591 

7 535 

7.547 
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The cosine of the bearing of course 1 is 0.934.12.4=1—11.591 — Latitude. 

The sine of the bearing of course 1 is 0.358.12.41= 4.443 — Departure. 

The cosine of the bearing of course 2 is 0.118.5.86 = 0.691 -f~ Latitude. 

The sine of the bearing of course 2 is 0.993.5.86 = 5.819 + Departure. 

The cosine of the bearing of course 3 is 0.978.8.25 = 8.069 -(- Latitude. 

The sine of the bearing of course 3 is 0.208.8.25 = 1.716 + Departure. 

The cosine of the bearing of course 4 is 0.682.4.24 = 2.892 + Latitude. 

The sine of the bearing of course 4 is 0.732.4.24 = 3.104 — Departure. 

The latitudes fail to balance by 0.061 chains, and the departures 
by 0.012 chains. The error of ‘■‘closure” of the survey is therefore 

I 2 2 

E='^.061 + .012 = 0.062 + chains, or approximately 4.09 feet. 

This sum may be divided up among the courses in proportion to 
the length, or the bearings may be corrected, or partly one and 
partly the other, as will hereafter be explained. 

Balancing the Survey. Before proceeding to the calculation 
of the content of a field or farm, the survey must be balanced; 
that is, the latitudes and departures must be corrected so that their 
sums shall be equal, or shall balance. As to whether the bearings 
or lengths shall be corrected, will depend somewhat upon the 
conditions under which the survey was made. If the surveyor has 
reason to think that the error is entirely in the bearing of one or 
more, or even of all of the courses, the corrections may bo made 
accordingly. If, on the other hand, one or more of the courses 
were measured over difficult ground, it may be presumed that the 
error occurred in those lines. If, however, there is no reason to 
believe that one course is in error more than another, the 
differences may be distributed among the cours(‘s in proportion to 
their length, according to the following i)roi:)ortions: 

As ilte length of any course is to the siun of the lengths of all 
the courses^ so is the correction of the latitude of that course to 
the total error in latitude of all the courses. 

As the length of any course is to the sum of the lengths of 
all the courses,^ so is the correction of the departure of that course 
to the total error in departure of all the courses. 

The practical application of these proportions to balancing a 
survey will be illustrated from the preceding problem : 

For course 1. . . 12.41 ; 30.76 x \ 0.061. .. x— .0246, correction for latitude. 
For course 2 — 5.86 : 30.76 x : 0.061 x— .0116, correction for latitude. 




TOPOGRAPKIC ENGINEERS’ CAMP AT WILLAMETTE VALLEY, OREGON 

('our(f'>ynf United .SVafes Geological Survey, Washington, D. C. 
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For course 3. . . . 8.25 : 30.76 :: a? : 0.061 re = .0164, correction for latitude. 

For course 4 4.24 : 30.76 a? : 0.061 x = .0084, correction for latitude. 

Since the sum of the north latitudes is the greater, the corrections will be 
subracted from them and added to the south latitudes. That is to say, the 
correction for course 1 will be added to 11.591, the result being 11.6156. 
The correction for course 2 will be subtracted from 0.691; that for course 3 
will be subtracted from 8.069; and so on. 

For course 1. . .12.41 ; 30.76 :: x ; 0.012. . .a; = .0048, correction for departure. 
For course 2. . . 5.86 ; 30.76 ; : x : 0.012. . .a; = .0023, correction for departure. 
For course 3 — 8.25 : 30.76 : ; a? : 0.012 — x = .0032, correction for departure. 
For course 4 — 4.24 : 30.76 : : x \ 0.012 — x — .0017, correction for departure. 

The corrections are to be subtracted in this case from the west departure 
and added to the east departure. 

In this example, the errors are small, but often they will be so 
large as to raise doubt as to the accuracy of the survey. In such a 
case, go carefully over all the computations, and, if the error is still 
too large, check the exterior angles of the figure (their sums 
should equal 360°), and if necessary repeat the survey. Having 
corrected the latitudes and departures, the corrected bearings of the 
courses may be deduced from the trigonometric ratio: 


Tan. bearing 


corrected departure 
corrected latitude 


Calculating the Content. After a field has been surveyed, its 
content may be calculated by dividing it up into triangles, trape- 
zoids, etc., calculating the various contents, and adding them 
together. This, however, is at best a cumbersome method, involv- 
ing much work of calculation and great chance of error. The 
method of latitudes and departures is at once simple, easily applied, 
and easily clu‘cked. 

Before proceeding to develop a formula for this method, it will 
be necessary to illustrate and define certain terms. 

Draw a line, as N S (Fig. 63j, through the extreme east or west 
corner of the field for a meridian. From the definitions previously 
given, the difference of longitude of the two ends of a line is the 
departure of the line. I B is therefore the departure of the line 
A B. The departure of the line B C is L C; that of E P is S F; 
and that of A F is O Q. 

The perpendicular distance of each station from the given 
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west. Tims the longitude of A. is zero 5 that of !B is X !B ^ that of 0 is 
I B + L 0; that of E is O Q + F S; and that of F is O Q = 
ZS — FS. 

The difference of latitude of the two ends of a line is called the 

latitude of the line. Thus the 
latitude of A B is A I ; that 
of B C is B L ; that of E F 
isE S. 

The distance of the middle 
of any side of a field from the 
meridian is called the longi- 
tude of that side. Thus the 
longitude of the side A B is 
GH; thatofBCisJX = GH 
+ K M + MX; and that 
of A F is WV = OK — QR 
^ Fig. 63. — QP, the minus signs being 

used in this instance because the lines E F and A F bear to 
the west. An analysis of W V will show that it equals O R 
(longitude of preceding course) + [ — R Q (one-half departure of 
preceding course)] + [ — QP (one-half departure of the course 
itself)]. 

To avoid fractional quantities, double the i)receding expres- 
sions and then deduce a general rule for finding double longitudes. 

The double longitude of the first course equals the dei^arturc^ 
of that course. The double longitude of the second course equals 
the double longitude of the first course, x)lus thc^ departure' of the 
first course, plus the departure of the second course'. 

The doiible longitude of a ly course equals the double longi- 
tude of the j»r>r(dif,g course.^ plus the departure of the //.■• ' * dii,g 
course.) plus the departure of the course itself 

We shall now j)roceed to deduce a rule for determining arc'as 
by double longitudes and departures, and shall first take a three- 
sided field, as in Fig. 64. 

Drawing a line through the most westerly corner A, we see 
that the area of the field will be the difference between the area of 
the trapezoid D B C M and the combined area of the triangles 
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product of D B by D A, or the double longitude of A B by the 
latitude of A B. The resulting product will be north or phis. 
The double area of the trapezoid D B 0 M is the product of (D B 
+ M C) = 2 G H, by D M, that is, the double longitude of B C by 
its latitude. The resulting product will be south or minus. The 
double area of the triangle ACM will be the product of M C by 


N 




A M, or the double longitude of the course A C by its latitude. 
The resulting product will be north or jjitis. Adding togt^ther. 
then, the plus x)roducts, and subtracting from the minus x^roduct, 
gives as the result the double area of the field. 

We shall next take a four-sided field, as in Fig. 05. 

It is evident that the area of the field A B C D is tin* difference 
between the sum of the areas of the two traptv.oids T B R 
and RODE and tlu^ sum of the ar(‘as of tlu‘ triangles A B T 
and A D E. 

The double area of the triangle A B T is the x^i’oduct of B T 
by A T, or the double longitude of the course A B by its latitmh'. 
The result will be a north product or plus. The double area of tlie 
trapezoid T B 0 R wdll be the product of (TB + C E) = 2L P 
by T R — that is, the double longitude of the course B C by its 
latitude. The result will be a south x^roduct or iuhvus. The double 
area of the trapezoid RODE will be the product of (R C + D E) 
= 2 P K. bv R E. or, the double longitude of the course 0 D 
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Sta- 

tions 

Hearings 

Dis- 

tances 

Latitudes 
N. S. 

Departures 
E. W. 

Double 

Lonqi- 

TU D KS 

Double Areas 
+- ~ 

1 

S 21° W. j 

12 41 

11 616 

4 4.18 

—7.204 

83.682 

2 

N. 835^^°E. 

5 86 

0 679 

6.821 

—5.821 

3.952 

3 

N. 12° E. 

8 25 

s.a'ss 

1 719 

+ 1.719 

13 843 

4 

N. 47° W. 

4 24 

2 884 

3 102 

+0 336 

0 969 


98 494 3 952 

8 952 

2 I 94 542 
47 271 

AREA=47.271 SQ. CHS.=4 ACRES, 2 ROOBS, 37 Sq. PERCHES. 


do-aUe area of the triangle A D E will be the product of E D by 
A E, or the double longitude of the course A D by its latitude. 
The result will be a north product or Finally, adding 

together the north products, adding together the south products, 
and taking the difference of their sums, gives as the result the 
double area of the field A B C D. 

The same principle will apply to any enclosed ari^a, howtwer 
great the number of the sides. T/ie area 7oill ahoays he one-halj 
the difference of the 8ums of the north and the aof/th prod act, ^ 
arising from multiplying the double longitude (f eaeh course hy 
its latitude. 

For systematic comxnitatioii arraiigt' tlu‘ work as follows: 

Arrange the columns as iu the problem on page 83. 

Balance the latitudes and de|feirtuies, putting th(‘ c'orrected (juantitic^s 
above the others in red ink; or else arrange four additional columns, ami enter 
them in their proper places. 

Compute the double longitude of each course with lefcrmice to a 
meridian passing through the extreme east or w(‘st station, and place tin* 
results in another column. 

Multiply the double longitude of each course by the corrected latiUuh^ 
of that course, and place north products in one column and soutli products in 
another. 

Add together the north products and also the south products, ami take 
die difference of their sums. Divide the difference by two, and the result 
will be the area desired. 

If the survey has been made with a Gunter’s chain, the result will be 
in square chains. Divide by ten to reduce to acres. 
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To test the correctness of the calculation, assume the mericli. 
through the extreme station upon the other side of the field, anc 
the work in detail as before. 

We shall now proceed to calculate the content of the fiela g 
by the notes on page 81. The corrections to the latitudes wil 
found on page 82, and the corrected departures on page 83. 

The arrangement of the columns for convenient calculation is 
as described on page 86. Upon making a rough sketch of the courses, 
it is found that station 3 is the farthest east; and therefore the double 
longitudes will be calculated beginning with course 3. From the 
definition previously given, the double longitude of course 3 is equal 
to its departure = + 1.719. The double longitude of course 4 
equals the double longitude of course 3, plus the departure of course 
3, plus the departure of course 4 = 1.719 + 1.719 + (— 3.102) == 
+ 0.336. The double longitude of course 1 equals the double lon- 
gitude of course 4, plus the departure of course 4, plus the departure 
of course 1 = 0.336 + (- 3.102) + (- 4.438) = - 7.204. The 
double longitude of course 2 equals the double longitude of course 1, 
plus the departure of course 1, plus the departure of course 2 = + 
(_ 7.204) + (- 4.438) + 5.821 = - 5.821. Multiplying these 
double longitudes by their respective latitudes, gives the quantities 
in the last two columns, the first, third, and fourth being positive, 
and the second negative. Taking the difference of the sums of the 
quantities in these columns, and dividing the result by 2, gives the 
content of the field, 47.271 scjuare chains. Dividing by 10 gives 
4.7271 acres. Reduce to roods and j)erches by multiplying the 
decimal part by 4 and 40 successively. 

The result may now t)e checked l)y beginning with the most 
westerly station, and it will be necessary to recalculate the (juantities 
in the last three columns. 

The following problems are taken from “(ullespie’s Surveying” 
(Staley) : 


EXAMPLES FOR PRACTICE. 

Calculate the content of the fields from the data tabulated 
below\ The result, where found in scjuare metres, should be reduced 

, -I - j.__ r\i\nn -i'- 
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( 1 ) 


STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N. 34M° E- 

2.73 

2 

N. 85° E. 

1.28 

3 

S. 66M° E. 

2.20 

4 

S. 3434“ W. 

3.53 

5 

N. 56J^° W. 

3.20 


Ans. 1 acre, 3 roods, 19 perches. 

(2) 



STATIONS. 

BEARINGS. 

DISTANCES. 

1 

N. 36° E. 

2.70 

2 

N. 8334“ E- 

1 29 

3 

S. 67° E. 

2.22 

4 

S. 3434° W. 

3.55 

5 

N. 56J^° W. 

3.23 


Ans. 1 acre, 0 roods, 15 perches. 

(B) 



STATIONS. 

1?EARIN(JS. 

DISTANCES. 

1 

S. 5^ 35' W. 

2,388 88 meters 

2 

S.39 35'W. 

1,000 27 meters 

3 

S. 60' 25' E. 

3,078 31 meters 

4 

S. 79° 6' E. 

325 00 meters 

5 

S. 63° 50' E. 

275 00 meteis 

6 

S. 48^ 15' W. 

200 00 m(‘t(‘rs 

7 

N.82'' 45' E. 

450 00 nu'teis 

8 

S. 87" 40' E. 

180.72 meters 

0 

N. 

8,7()8 12 meters 

10 

N.S4“ 25' W. 

1,898 .54 meters 

11 

S. 5'^^ 35' W. 

3,5,30.00 meters 

12 

N.84“ 25' W. 

2,57 ,50 metois 


4,999 HO ros 


Ans. < 13 roods. 

^ '39nr(n)- wq* ^oda. 


Supplying Omissions. The method of latitudes and depar- 
Lurefl mav he fi-mdiorl to snonlvins- anv two omissions in the field 
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notes, as will be explained in connection with the ‘‘Use of the 
Transit.” 

Azimuth. The azimuth of a line is the horizontal angle 
which the line makes with some other line taken as a meridian. 
It differs from bearing in that it is measured continuously from 0° 
to 360°. All descriptions of property must be given in terms of 
bearings, but line surveys with either the compass or the transit 
had better be given in terms of the azimuth. 

In astronomical and geodetic work it is customary to reckon 
azimuth from the south point around through the west^ through 



3(50° . For the ordinary o^jerations of surveying, however, it is 
better to measure the azimuth from the north point to the right 
through 360'^, 

RESURVEYS. 

Where the boundary liiH‘S of a farm or town b(.‘C‘n obliter- 
ated and the corners lost, it is often necessary to make 
resurvt'ys in order to re-establish them. If the corners can be 
found by reliable evidence, they must be accepted as corners i^vcm 
thougli the second bearings and lengths of the lines indicate 
different points. 

It sometinu‘s happens that some corners can be found while 
others cannot. In such cast's a serit's of random lines is to be run 
with tht' old bt'arings, or with tht' old bearings corrected for a 
change in declination of the needle between the two dates. 

As an example, let the records in an old deed give the length 
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A6 N 60° E 10 chains. 

6c N 45° E 4 chains. 
ccZ S 45° E 8 chains. 

There being no definite data at hand to determine the change 
in the magnetic declination between the dates of the two surveys, 
the lines AB, BO and CD are run with the given bearings and 
distances from the known comer A. The old comers 5 and c 
cannot be found; but on arriving at D the old comer d is discov- 
ered at a point 20.4 links S and 12° W from D It is required to 
locate the old comers 5 and c. 

By the method of latitudes and departures explained before, 
the lengths of the lines DA and dK may be computed. They are: 
for DA, south 82° 47', west 17.29 chains; for ^A, south 83° 26', 
west 17.22 chains. 

Now the error D^Z between the two corners is due to two 
causes: (1) the continued variation in the magnetic bearings of the 
old surveys, (2) the difference in the length of the chains used. 
The first cause alters the polygon Kbcdk. arotmd the point A by a 
small angle. The second cause alters the length of the sides in a 
constant ratio. The difference between the bearings DA and dK 
is the constant angle, while the ratio of the length of the old lines 
is the constant ratio. To find the bearings of the old line, there- 
fore, each of the given bearings is to be corrected by tlie amount 
83° 26' minus 82° 47' = 0° 39'. To find tin' length of the old 

17 22 

line each of the given lengths is to be multiple ‘d by - “ 0.99(). 

1 / ..aV/ 

Suppose now that the work of computation has bcnm dont‘ 
with such x^recision that the error in chaining must b(^ rt'gardcnl as 
lying in the old survey. Applying tlu'se results, we find the 
adjusted bearings and lengths of the old lim^ to be, 

A/; = N 60° 39' E 9.96 chains. 
hr = N 45° 39' E 3.99 chains. 
cd = S 44° 21' E 7.97 chains. 

With the new data the line may be rerun and the corners 5 and c 
located, a check on the field work being that the lost line should 
end exactly at d. 

It is. however, not difficult to comonte the leno^th «ud heariuo-s 
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Since the angle B Ab is small, the triangle B Ab may be 
sidered similar to the triangle D Ad. We will then have the 
portion : 


Or, 


Bb: Dd-.: A B-. A 

Bb‘=Dd X^ = 
A D 


D. 

20.4X10 

17.29 


= 11.8 links. 


con- 

pro- 


A similar proportion may be written for the side B c, and the 
result added to the value of B b. 

The same principle may be used to determine the bearings of 
B b and C c, so that, with the lengths and bearings of these lines 
determined, the most probable location of the old comers b and c 
can be fixed. 


EXAMPLE FOR PRACTICE.' 

The records of an old survey read as follows: 

‘ 'Commencing at a point marked No. 5 and running N 62° E 
14 chains to a stake marked A, thence running N 43^° E 8.00 chains 
to a stake marked B, thence N. 5° W. 12.00 chains to a stake C, 
thence N 72^° E. 10.25 chains to a stake D, thence S 12° W 6.43 
chains to a stake marked No. 3. On running the lines, the end 
of the last one, instead of being at a stone marked No. 3, was 0.62 
chain due E from it.” Find the adjusted bearings and lengths 
of the old lines; also find the distance and direction from each station 
of the new survey to the corresponding corner of the old. 

DIVISION OF LAND. 

The method of latitudes and departures is especially useful in 
the division of land. The problem is usually as follows: Cuven the 
lengths and bearings of the sides of a field containing a certain area; 
it is required to divide the area into certain parts by a line running in 
a certain direction, in which case it is necessary to determine the 
starting point of the dividing line. Or it is required that the line 
shall begin at a certain point, in which case it is necessary to deter- 
mine the direction of the line. 

A certain field is described as follows: 

1 N. 63° 51' W. 6.91 Chs. 

9 N aa® 44' w 7 26 “ 
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4 

N. 77° 60' W. 

6.54 Chs. 

5 

N. 31° 24' E. 

14.38 


6 

N. 31° 18' E. 

16.81 

cc 

7 

S. 68° 55' E. 

13.64 

tc 

8 

S. 68° 42' E. 

11.54 

it 

9 

S. 33° 45' W. 

31.55 

it 


Beginning at a point upon the side 91, it is required to divide 
the area into two equal parts of 37 acres by a line having a bearing of 
N. 68° 46' W. Sonoie preliminary calculations will be necessary to 

determine the start- 
ing point of the 
dividing line such 
that the resulting 
area will be nearly 
that desired, and 
this dividing line 
will be practically 
parallel to a line 
connecting stations 
7 and 9. Call the 
dividing line A B 
(see Fig. 67), and 
if this line begins 
at a point 15 cliains 
from station 9, the 
longtli of .1 B will 
he 24.528 chains; 

that oi B 7 will be 14.90 chains. We shall now proceed to cal(*ulate 
the area by latitudes and departures, beginning with station 1). 
The calculations are show’ii in the following: table, and the result, 
36.518G acres, is short of the required area by 0 4S14 acre or 4.S14 
square chains. 


Station 

1 Bearings 

Dis- 

Latititdf.s 

De p vuTxntE’S 

1 UonnM 
Longi- 

Do U HI. I A HE \S 



TANCES 

N S 

K W 

Tni>E8 

+ 

9 

S 33° 45' W 

15 00 

12 473 

8 334 

— 8 334 * 

103 913 


N 68° 46' W 

24 528 

8 883 

22 863 

- 39 531 

351 154 


N 31° 18' E 

14 90 

12 731 

7 741 

-54 653 

695 787 


S 68° 55' E. 

13 64 

4 907 

12 727 

—34 185 

167 746 

8 1 

S 68° 42' E 

11 54 

4 192 1 

1 10 752 

—10 706 

44 880 


316 568 1046 941 
316 568 
3 I 730 873 
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Our line A B must therefore be moved farther south such a 
distance that the area enclosed between the first and second posi- 
tions shall equal 4.814 square chains. Considering this area as a 
rectangle (which it will be nearly), the line A B will be moved south 


4.814 

24.528 


= 0.1961 chain, or, say, 0.2 chain. 


The line 9 A will 


be therefore 15.2 chains in length. The length ot A B will not be 
materially changed. B 7 will now be 15.1 chains in length, while 
78 and 89 will be the same as before. The latitudes and depar- 
tures of 9 A, A B, and B 7 must be recalculated, as well as the 
double longitudes of all of the courses. The calculations are found 
in the following table, and there results an area equal to 37.015 


acres. 


Station 

Bearings 

Dis- 

tances 

Latitudes 

N. S. 

Departures 

E. w. 

Double 
Longi- 
'1 udes 

Double Areas 

-f - 

9 

S 33045'W. 

15 20 

12 638 

8 445 

— 8 445 

106.728 

A 

N. 68° 46' \V 

24.528 

8 883 

22,863 

-39.753 

353 126 

H 

N 31° 18' R 

15 10 

13 902 

7 845 

- 54 771 

706 655 

7 

S 08°55'K 

13 04 

4.907 

12 727 

-34 199 

107.814 

H 

S 08° 42' R 

11 54 

4.193 

10 752 

-10.720 

44 938 


Referring to Fig. 67, starting at a point A on 91, 12.2.') chains 
from .station 9, it is required to find the length and hearing of .1 B 
such that the area 9AB 789 shall equal .32 acres. 

First draw a line from A to station 7, and by latitudes and 
departures calculate the area A 7 8 9 .1, and determine the length and 
bearing of A 7. Call this latter area H. Then the area A B 7 A 
must equal 32-77. From the point B, erect a perpendicular B C 

1 7 

+Vio li'no A 7 TVip jirpH ni A B 7 A will eaual ^ X B C =(32- 
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Hy,.-.BC= Therefore 5 7 = In the tri- 

angle A Bl Awe now have two sides and the included angle from 
which to calculate the length and bearing of A B, 

THE TRUE MERIDIAN. 

In order to ascertain the true meridian of a given place, 
several methods may be pursued. The general practice is to use 
the star Polaris at culmination or elongation. This star is on the 
, nearly, when a plumb line covers it and the star Zeta, 



the next to the end of the handle of “The Dipijer.” See Fig, 68. 

When Polaris is on the meridian, as illustrated in this 
instance, it is said to be at “culmination.” This star is often 
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referred to as the north or pole star. It is about 1^° from the 
pole, and revolves around the pole once every 23 hours and 56 
minutes. Thus it is apparent that it comes on the true meridian 
twice each day. The arrows in the figure indicate the direction of 
the rotation. 

To Determine the True Meridian by the Compass. With 
Polaris at Eastern or Western Elongation. To determine the 
true meridian by means of the compass, take a plumb-line, and 
attach one end of the line to any suitable support situated as far 
above the ground as practicable, so as to have a clear field of view 
about 20 feet away. A board nailed on a telegraph pole, tree, or 
post at right angles, will sufiBice for this purpose. The plumb-bob 
may be of any suitable material, of about 5 lbs. in weight, as a brick, 
stone, iron ring, or coupling. It will serve the same purpose, with 
as accurate results, as the most highly polished or carefully manu- 
factured plumb-bob. The plumb-line should b§ about 25 feet in 
length, depending upon the latitude of the place, since the altitude 
of the pole above the horizon at any place is equal to the latitude 
vf that place. 

Illuminate the plumb-line just below its support by means of 
a bull’s-eye lantern, lamp, or candle, care being taken not to 
obliterate the line from the view of the observer. The best way is 
to screen the^ light, and throw the light on the plumb-line by 
means of a r(‘fit‘etor. 

N(‘xt unfasten om^ of th(‘ iiprights of the compass, and place it 
on a horizontal r(‘st at some convenient point south of tlu‘ plumb- 
liiu‘, say feed in an (»ast or west direction, and in such a 
position that when viinved tlirough the peep-sight, Polaris will 
apxK^ar about two feid btlow the su^jport of the x^lumb-line. It is 
customary to dedermim^ this x^osition by trial tlu^ niglit bidore 
tlu^ observation. 

About 25 minutt‘S before the time of elongation, as x^tu* table 
on bring the X->eex 3 -sight into the same line of sight with 

the xdiimb-liiui and the star Polaris. Before reaching elongation, 
the star will move away from the plumb-line, to the east for eastern 
elongation, and to the west for western elongation. Hence, by 
moving the peep-sight in the proper direction — that is, east or 
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remain stationary, thus indicating that it has reached its point of 
elongation. The peep-sight will now be secured in place by a 
clamp or weight, with its exact position marked on the rest. Now 
defer all further operations until the next day. 

The next morning place a slender flag or ranging pole at a 
distance of 200 or 300 feet from the peep-sight, and exactly in line 
with the plumb-line. Next carefnlly measure this distance, and 
take from the table (page 130) the azimuth of Polaris, corresponding 
to the latitude of the station of observation; find the natural 
tangent of this azimuth, and multiply it by the measured distance 
from the peep-sight to the rod. The product will express the 
distance to be laid off from the rod, exactly at right angles to the 
direction already determined — that is, to the west for eastern 
elongation, and to the east for western elongation; and this point 
with the peep-sight, will define the direction of the meridian with 
sufficient accuracy for the needs of local surveyors. 

The position of the pole star may be found by means of the 
two stars and a in the bowl of the “The Dipper” (Fig. 68), which 
are called the “pointers” because of their pointing approximately 
to the pole star. 


THE TRANSIT, 

Construction. The transit is used for measuring horizontal 
and vertical angles directly, and for measuring bearings indirectly. 
It consists of a telescope mounted in standards attached to a divided 
horizontal plate, the telescope serving to dtffiiui accurattdy the line 
of sight; while the horizontal plate, divid(‘d into degrt^es, minutes, 
and twenty or thirty seconds of arc, makes it i}ossiblc‘. to measure 
small horizontal angles. The instrument is provided with a thre(‘- 
or four-screw leveling base, by Tueans of which it is attaclnnl to 
the trii^od. 

The telescope is similar in construction to that of the Wye 
level, but is shorter and of less magnifying power, a power of from 
24 to 26 diameters being about the average for the ordinary transit. 
The eye-piece may be either inverting or erecting, but the former 
is to be preferred. 

Since the i^rincipal function of the transit is to secure ab’gii- 
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plane, and to that end is supported in the standards by a transverse 
axis, permitting the telescope to be “transited,” that is. turned 
through a complete vertical circle. 

For measuring horizontal angles the instrument is arranged 
with an upper and a lower motion, sometimes called the upper and 
the lower “limb.” The lower limb is supported by the leveling 
base by means of a hollow conical axis; and into it is fitted, in turn, 
the conical axis of the upper limb. Each limb may be turned 
independently of the other, or they may be clamped together and 
to the leveling base. The lower limb carries the divided circle 
and the upper limb the vernier. For ordinary purposes the 
circle is divided to one-half degrees, and reads to single minutes 
by means of the vernier. It may also be divided so as to read 
to 20 or 30 seconds, and occasionally to 10 seconds. The divisions 
of the circle, however, should not be so crowded as to render the 
reading difficult, and the graduations should be properly adjusted 
to the magnifying power of the telescope. 

The verni(U's may be set at right angles to, or parallel with the 
line of sight, or at 30*^ thereto. With the verniers parallel with 
the lino of sight — that is to say, directly under the telescox)e — or 
making an angle of 30° with the line of sight, the observer 
can read the' angh'S without moving from his i)ositiou, thereby 
avoiding tlu' risk of disturbing the instrument by walking around 
it. Si‘(' Fig. f)9. 

For li'vdiiig ilu' instrument, there are provided two level 
tubes S(*t at riglit angh's to (‘aeli othi'r. These' are shown in the 
figure. One oC tlu'in is attaclu'd to the upper plate, while the other 
may be attaelu'd (‘itlu'r to tlu' uppc'r plati' or to one of the standards. 
On account of lack of space these level tubes ari' quite short. 

Tlu' four-S(‘rt‘W leveling basi' may consist of two parallel plates 
coniu'ctt'd to (‘acli otlu'r by a one-half ball and socket joint, 
or the upp('r plate' may bo re'placed by a ribbed casting. The 
four leveling scrt'ws rest in cui)S upon the lower plate and 
extc'iid through the upper plate or casting. The leveling base 
is attached to the instrument proper, and the whole is attached 
to the tripod by screwing to a casting firmly attached to the 
lei?‘s. The vertical axis is furnished with a hook, to which may 
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ment. A shifting center is also provided, by means of which, after 
the instniment has been approximately centered over a stake, it 
may be accurately adjusted by loosening the leveling screws and 
shifting the instrument upon the lower leveling base. See Fig. 69. 



Fig. 00. 

The three-screw leveling base is necessarily larger and differs 
in detail from the four-screw. The upper plate carrying the screws 
is permanently attached to the instrument; and the lower ends of 
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the scre'vt^s rest upon the tripod casting, to which it is attached by 
a single center screw fitted with a strong spiral spring that engages 
upon a thread cut upon the vertical axis of the instrument. See 
Fig. 72. 



Fig. 70. 

The four-screw base commends itself from the fact that it can 
quickly be leveled approximately; and, no matter how much the 
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The three-screw base, however, is more easily manipulated, and all 
danger of binding the screws and springing the plates is obviated. 
Whichever type of instrument is preferred, the screws should work 



Fig. 71. 


smoothly and evenly, and the pitch should be adjusted to the 
sensitiveness of the bubbles. 
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For measuring vertical angles, the transit is fitted with a 
Tertical arc or circle divided usually to one-half degrees, and 



Pig. 73. 

reading to single minutes by the vernier. A level tube may also be 
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provided the transit may be used as a leveling instrument, 
A striding level resting upon the standards may also be provided, 
by means of which the instrument can be more accurately leveled 
than by the short levels upon the upper limb. See Pig. 70. 

The telescope should always be provided with stadia wires, 
either fixed or adjustable, though the former are preferable. See 
article on “Stadia.” 

The gradienter screw is a device attached to the clamp of the 
telescope, by means of which grades can be established, and 
horizontal distances, vertical angles, and differences of level can be 
measured with great rapidity. See article on “Gradienter” in 
Part III. 

Surveyor’s Transit. This instrument is the plain transit, 
capable usually of measuring horizontal angles only, but occasion- 
ally fitted with a vertical circle or arc for measuring vertical angles. 
See Fig. 69. 

Engineer’s Transit. When the instrument is provided with a 
vertical circle or arc, a level underneath the telescoj)e, with or 
without gradienter screw, it is called the engineer's transit. See 
Fig. 70. 

Tachymeter. This term, meaning i^apuJ has of 

recent yi‘ars been applied to an instrument having a level attached 
to the telescope, a vertical arc or circle, and stadia wires. Such 
an instrumtmt is adapted to the rapid location of i}oints in a 
survey, since it is capable of measuring the three co-ordinates of a 
point in space, /. e., the angular co-ordinates of altitude and 
azimuth, and tlie radius-vt‘ctor or distance. The compass and 
gradienter are auxiliaries in the nieasurenuait of angles; and an 
instrument Iniving tlnau in addition to tlie tssejitial filatures 
immtioned abo\\‘, is inort.* perfectly adapted for tachymetric work. 
See Fig. 71. 

Theodolite. This term is applied to an instrunieiit so con- 
structed that the telescope will not transit, but, in ordcT to take 
backward sights, the tt'lescope must be lifted out of its supports 
and turned end for end. St*e Fig. 73. 

Transit=Theodolite. This name is applied to an instrument 
in which the telescope not only can be transited, but also lifted 
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as an anglG-msasursr it is d.6sirabl6 that tli6 vGrtical cross-hair be 
at right angles to the horizontal axis of the telescope when the 
instrument is level. 

To test this, set up the instrument at some convenient point, 
200 or 300 feet from a wall, tree, or other convenient object, upon 
which a point is clearly defined by a tack or otherwise. Carefully 
level the instrument, and cover this point accurately with the lower 
extremity of the vertical hair. Clamp the horizontal axis of the 
telescope; and by means of the tangent-screw slowly move the 
telescope in a vertical plane, and note if the hair continues to cover 
the point from one extremity to the other. If it does, the hair is in 
its proper position. If not, loosen the diaphragm screws and turn the 
diaphragm vertically until the hair covers the point from end to 
end. This adjustment will disturb the last one and the two must 
be tested and corrected alternately until in perfect adjustment. 

If the transit is to be used for leveling, it is necessary that the 
horizontal cross-hair be in the optical center of the object glass. 

To test, set the instrument up firmly 200 or 300 feet from a 
wall, tree, or other convenient object, and, after leveling, carefully 
center the intersection of the cross-hairs upon a well-defined i)oint. 
Clamp the axis of the telescopi', turn the instrument upon its 
vertical axis through 180°, and can^fiilly ct^ntc'r a i)oint ux^on 
the intersection of the cross-hairs in this new x^osition. Clauix) the 
vertical axis, unclamx^ the telescoxxi axis, transit tlie teh^scoxx', and 
carefully center the intersection of the cross-hairs ux)on tlui first 
XDoint. Now clamx3 the telescoxxs loostni tlu^ v('rtical axis, and again 
revolve the instrument through 180°. If tlui line of colliination 
again strikes the second point, the liorizontal cross-hair is in 
adjustment. If not, cartdully cc*nt('r this third x^^iid, bisc'ct the 
distance between the second and third x)oints, and mov(‘. th(i cross- 
luiir diax)hragm until tlui intersc‘ction of thi3 cross-hairs covers 
this fourth x^oint. This adjustment will disturb thci last two, and 
the three must be rexxiated in succession until accuratcdy adjusted. 

3d. To make the horizontal axis of the telescope perpeiidie- 
ular to the vertical axis of the instrument. 

To test, set up the instrument as explained for the last adjust- 
ment, and, after leveling, center carefully a x^oint at each extremity 
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axis and transit the telescope, bringing one extremity of 
horizontal cross-hair npon one of the points previously established. 
If the other extremity coincides with the second point, the axis of 
the telescope is in adjustment. 

If, the axis is out of adjustment, the method of procedure is 
best illustrated by Pig. 75. 

A A' is the line covered between the extremities of the hori- 
zontal wire or hair when the axis of the telescope is in adjustment. 
If it is not in adjustment, the wire will in the first position of the 



telescope cover the line A B, and in the second position the line 
A B'. Therefore bisect the distance B B', and raise or lower the 
adjustable end of the telescope axis until the wire covers A A'. 
Now repeat the test, and the correction if necessary. 

4th. To make the axis of the telescope luhhle tale parallel to 
the line (f colli matlon of the telescope. 

This adjustment should be tested and corrected by the ‘“x^eg” 
method as follows: Select a i^iece of conix)arativt‘ly level ground, 
drive a stake, “set iif the transit over it, and carefully level by 





- — 

■ 20 ^ 


the plate levels. Next drive two stcikes into the ground, one in 
front of the transit and tlui other at tlie same distance behind it. 
In Fig. 76, C is the i^osition of the transit, and A and B are two 
stakes, each 150 feet from C. D is a fourth stake behind B and in 
line with it from C. The transit being leveled by the iDlate levels, 
bring the bubble of the telescope tube to the center of the tube, by 
means of the tangent-screw attached to the horizontal axis of the 
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Adjustment. When used merely as an angle-measurer-, the 
following adjustments should be tested and, if necessary, corrected: 

1st. To ascertain if the bubble tubes are ^perpendicular to the 
vertical axis of the instrument* 

To test, attach the instrument to the tripod and “set up” jfirmly - 
on solid ground, preferably shaded from sun and wind. Revolve 
the transit upon its vertical axis so as to bring the bubble tubes 
parallel to a pair of diagonally opposite leveling screws. Bring the 
bubble of one of the tubes to the center by means of these screws. 
Do the same with the second bubble tube. Adjusting the second 
tube will throw the first one out, but repeat the alternate operations 
until each bubble stands in the center of its tube. Now revolve 
the instrument upon its vertical axis through 180°, and note if the 
bubble of each tube still stands in the center. If so, the tubes are 
in adjustment. 

If the bubble of either tube runs to one end, bring it half-way 
back to the center by raising the opi^osite end of the tube by means 
of the capstan-headed screw. Relevel the instrument by the 
leveling screws, and again test the tubes. Repeat the operation, 
until the bubbles stand in the centers of the tubes in all loositions of 
the instrument. It is advisable to carry out this adjustment as 
precisely as possible, as it will facilitate the remaining adjustments. 
If after several trials, it is found impossible to adjust the bubbk‘S 
to the centers of the tubes, either the vertical axis is bent or th(‘ platens 
are sprung, and the instrument should be sent to the maken for 
correction. If one tube adjusts and tln^ other does not, the fault is 
ill the tube, and a new one should be ordered. 

2d. To inahe the Une of colli mation rccolce in a pUtoc^ or., 
in other iror(h., to make the line of colli mat ion perpend i<nilar to 
the horizontal a.ris of the telescope- 

To test, having made the first adjustment, levtl the instrument 
carefully and clamp tln^ uppc'r limb. Drive a stake into th(‘ ground 
about BOO feet ahead of the instrument, and drive a tack in the 
head of the stake. By means of the lower motion revolve the 
instrument on its vertical axis until tlu‘ interst^ction of the cross- 
hairs approximately covers the tack. Now clamp the lower motion, 
and carefully adjust the line of sight ui^on the tack by means of 



PLANE SUEVETINa 


105 


or the lower limb, transit the telescope, that is, revolve it vertically, 
and sight to a tack in the head o£ a stake driven into the ground 
about 300 feet behind the instrument. Carefully adjust the tack 
to the intersection of the cross-hairs. Now unclamp the lower 
motion, and revolve the instrument* upon its vertical axis until the 
intersection of the cross-hairs again covers the tack in the first 
stake. Clamp the lower motion, adjust the line of sight carefully 
by means of the tangent screw, again transit the telescope, and 
sight in the direction of the second stake. If the intersection 
of the cross-hairs falls upon the tack in the second stake, the line 
of collimation is in adjustment. If it does not, it will have iu 
be adjusted. 

In Fig. 74, A is the position of the instrument, and B is the 
forward stake. If the instrument is in adjustment, the line of 
sight after transiting the telescope and revolving upon the vertical 
axis should strike the point B'. If the instrument is not in 



adjustment, the line of sight after transiting the telescope will 
in the first instance strike some i^oint as C. Drive a stake at this 
point and carefully center a tack. After revolving the instrument 
ui)on its vertical axis and again transiting the telescope, the line 
of sight will fall at a point C' as far on one side of B' as C was 
on the other. Drive a stake at C ' and carefully center it. Carefully 
iiK'asure the distance CC'; and center a stake at B', half-way 
betwc^en the two i3oints. Now, by nutans of the caiJstaii-headt‘d 
screws attached to the diaphragm carrying the cross-hairs, move the 
cross-hairs until their intersection covers the point B", midway 
betwt^en B' and C'. No\v rei^eat the operation of testing the 
adjustment and competing the position of the line of collimation, 
until the points B and B' are in the same straight line. 

It is necessarv onlv that the line of collimation shall be 
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as an angls-measurer it is dGsirabl© that th© vGrtical cross-hair b© 
at right angles to the horizontal axis of the telescope when the 
instrument is level. 

To test this,, set up the instrument at some convenient point, 
200 or 300 feet from a wall, tree, or other convenient object, npon 
which a point is clearly defined by a tack or otherwise. Carefully 
level the instrument, and cover this point accurately with the lower 
extremity of the vertical hair. Clamp the horizontal axis of the 
telescope; and by means of the tangent-screw slowly move the 
telescope in a vertical plane, and note if the hair continues to cover 
the point from one extremity to the other. If it does, the hair is in 
its proper position. If not, loosen the diaphragm screws and turn the 
diaphragm vertically until the hair covers the point from end to 
end. This adjustment will disturb the last one and the two must 
be tested and corrected alternately until in perfect adjustment. 

If the transit is to be used for leveling, it is necessary that the 
horizontal cross-hair be in the optical center of the object glass. 

To test, set the instrument up firmly 200 or 300 feet from a 
wall, tree, or other convenient object, and, after leveling, carefully 
center the intersection of the cross-hairs upon a well-defined i)oint. 
Clamp the axis of the telc'Scop(% turn the instrument upon its 
vertical axis through 180°, and carcifully ct^nter a i)oint ui)on 
the intersection of the cross-hairs in this new x)osition. Claiiip thci 
vertical axis, unclamp the telc*scoxxi axis, transit the telt‘Scox)(% and 
carefully center the intersection of the cross-hairs ui)on tin? first 
XDoint. Now clamp the telesco})©, loostni the vertical axis, and again 
revolve the instrument through 180°. If thi‘ line of colliniation 
again strikes the second x>oint, the horizontal cross-hair is in 
adjustment. If not, cart'fully ccaifi^r tins third point, bisect the 
distance betwt?en tht^ S(?cc)nd and third X)oints, and move th(i cross- 
hair diaphragm until tlui intiirsciction of the cross-hairs covers 
this fourth i:)oint. This adjustnumt will disturb tlui last two, and 
the three must bo rex:)eated in succession until accurately adjusted. 

3d. To make the horizontal amn of the telescope perpeyidie- 
\dar to the vertical axis of the instrument. 

To test, set up the instrument as explained for the last adjust- 
ment, and, after leveling, center carefully a point at each extremity 
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axis and transit the telescope, bringing one extremity of the 
horizontal cross-hair upon one of the points previously established. 
If the other extremity coincides with the second point, the axis of 
the telescope is in adjustment. 

If the axis is out of adjustment, the method of procedure is 
best illustrated by Fig. 75. 

A A' is the line covered between the extremities of the hori- 
zontal wire or hair when the axis of the telescope is in adjustment. 
If it is not in adjustment, the wire will in the first position of the 



telescope cover the line A B, and in the second positioti the line 
A B'. Therefore bisect the distance B B', and raise or lower the 
adjustable end of the telescope axis until the wire covers A A'. 
Now repeat the tost, and the correction if necessary. 

4th. To onalte the of the telescope hithUe tube parallel to 
the line of colli mat ion of the telescope. 

This adjustment should bo tested and corrected by the “peg” 
method as follows; Select a x^iece of comparatively level ground, 
drive a stake, “set up” the transit over it, and carefully level by 



Fig. 7(3. 


the plate levels. Next drive two stakes into the ground, one in 
front of the transit and the* other at the same distance behind it. 
Ill Fig. 76, O is the x^osition of the transit, and A and B are two 
stakes, each 150 feet from 0. D is a fourth stake behind B and in 
line with it from C. The transit being leveled by the xfiate levels, 
bring the bubble of the telescope tube to the center of the tube, by 
means of the tangent-screw attached to the horizontal axis of the 
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horizontal cross-hair, and note the reading. Unclamp the lower 
motion, turn the transit upon its vertical axis, and note the reading 
of a rod held upon B. The difference of the readings of the rod 
held upon the two points will give the true difference of level, no 
matter how much the telescope level may be out of adjustment. 

Now take up the transit and remove it to the point D. 
Carefully level the transit by the plate levels, and again bring the 
bubble of the telescope tube to its center. Hold the rod upon the 
point B and note its reading. Do the same at the point A, and 
take the difference of the two readings. If the telescojpe level is 
in adjustment, this difference will be the same as found when the 
instrument was over the point C. Otherwise the tube is out of 
adjustment and will be correcfted as follows: 

Let ce represent the difference of level of A and B when the 
transit is at 0. 

Let y represent the difference of level of A and B when the 
transit is at D. 

Let z represent the difference between and ?/. 

If y is greater than a?, subtract z from tlu^ rod rcciding upon A 
for the transit at D, and set the target at this iu‘W reading. Ke- 
volve the telescope uxDon its horizontal axis, by unmans of tlui 
tangent-screw, until the horizontal wire accuratily bist'cts thc‘ target. 
Now clamp the telescope axis, and bring the bubble to tlu‘ center 
of the tube by means of the capstan-headed scn'W at one end 
of the tube. Again hold tlii‘ rod upon B, and tlnai upon A, and 
take the difference of tlnnr readings. If tin’s diffenaiei' now agnn^s 
with the true difference of eh‘vatiou of tln‘ two points, tlui adjust- 
ment is complete. Eepc'at tlu' oxH‘ration as ofUm as may bt^ 
necessary. 

If y is l(,‘ss than add .a* to tlu‘ rod rt'ading upon A for the 
traiisit at D, and set tin* targi‘t at tliis ik'w I’lMding. lbs(‘ct tlu‘ 
target by the horizontal cross-hair as bidon^, c-lamp tlu; horizontal 
axis, and bring the bubble to tlu‘ cenbT of tlui tube. Test and 
repeat cis described bcffore. 

Some transits an^ provided with an adjustable vin-nim* to the 
vertical circle or arc, which should n^ad O'" wlum the tcih‘scope is 
horizontal. The former adjustment having been completed, the 
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The cross-hair intersection should be in the center of the field 
ot vision of the eye-piece, and this adjustment may be made by 
.means of the capstan-head screws attached to the eye-piece tube. 

To “ set up ” the transit. Lift the instrument out of the 
box by placing the hands underneath the plates. Avoid lifting it 
by the telescope or the standards. In attaching it to the tripod be 
careful that the threads engage properly, and screw it down firmly. 
Examine the tripod legs, and see that they are properly attached 
to the tripod head, neither too tight nor too loose. See that the 
tripod shoes are tight, and, before taking up the instrument, 
lightly clamp all the movable parts to prevent imnecessary wear 
and straining. Carry the instrument in the most convenient way, 
taking care not to hit it against trees, lamp-posts, doors, etc. 

To center the transit over a stake, rest one leg of the triixxi 
upon the ground, and, grasping the other legs, pull the instrument 
in the proper direction to cover the stake. Now attach the plumb- 
line, and after bringing it to rest as close to the top of the stake 
as iDOSsible, note if the point is directly over the iDoint in the 
stake. If it is not too far off the center, it may be brought 
closer by forcing the opi^osite leg into the ground or by a further 
spreading of the logs. After the instrument has bemi approxi- 
mately ccaitered, it may be accurately adjusttal ])y moans of the 
shifting head. Tlie operation of “setting up'" is difficult of 
description, and facility can be attaiiual only by prac‘tice. Avoid 
having the plates too much out of lovtd, as this will result in 
unnecessary straining of the leveling screws and plates. 

Having ccnitered the instrunuait ovt^r the stake, lev’el it up by 
the levt‘ls upon tlui horizontal plate. To do this, turn the 
instruiiunit upon its vertical axis until the bubble tubt'S are 
parallel to a i)air of diagonally opposite plate-screws. Now, as 
you stand facing the instrument, grasp the screws betwivii thi‘ 
thumb and forefinger, and turn the thumb of the l(*ft hand in tin* 
direction the bubble must move. Turn both thumbs in, or both 
thumbs out. Adjusting one tube will disturb the otluT, but adjust 
each alternately until the bubble of each remains in the centc‘r. 

To measure a horizontal angle by means of the transit. 
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the north to the right through 360°, the azimuths for the preceding 
case will be as follows, as illustrated by the diagram: 

Since the bearing of the first line A B (Fig. 79), given by 
the compass, is S 85° E, its azimuth will evidently be the difference 
between 180° and 85°, or 95°. Since the second line B C 
deflects to the right by 31° 30', its azimuth will evidently be the 
sum of the angles 95° and 31° 30', or 126° 30'. Since the third 
line 0 D deflects to the left 51° O', its azimuth will be the differ- 
ence of the angles 126° 30' and 51° O', or 75° 30'. The fourth 
line D E deflects to the right 52° O', and therefore its azimuth will 
be the sum of the angles 75° 30' and 52° O', = 127° 30'. 


N 



The same diagram may serve to illustrate the nu^thod of 
{leducing the bearings of a serh'S of linc'S from tlu‘ di^lieetioii 
angles. Since the blearing of tlie first line as givtm by tlu' compass 
is S 85° E, and the second line deflects to the right 31° 30', it is 
evident tliat this second line dt'creasc^s its easting by that amount, 
so that its bearing will be the difft^reiice btdweeu 85° and 31° 30', 
— S 53° 30' E. Since the third course deflects to the left by 51° 
O', its bearing to the east will be increased by this amount, but will 
pass into the northeast quadrant by 14° 30', making its bewaring 
90° — 14° 30', = N 75° 30' E. The fourth course deflects to the 
right 52° O', returning to the southeast quadrant by 37° 30', 

1_;.. ^ _ r f\f\0 orrO t r-'no i tt^ 
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Traversing. This is a method of observing and recording the 
directions of a series of lines of a survey, so as to read off, upon 
the horizontal circle, the angles that the lines make with some 
other line of the survey, which may be either a true meridian or 
some line adopted as a meridian for that survey. 

Before starting out upon a traverse, it is best to lay out upon 
the ground a true meridian, either from observations on Polaris or 
by means of the “Solar transit,” as will be explained later on. This 
line should be 300 or 400 feet in length, clearly defined by stakes 
carefully centered, one of the stakes preferably being the first 
station of the survey. The transit can now be set over this stake, 
and the line of sight carefully centered upon the second stake by 
means of the lower motion, the verniers first having been set to 
read 0°. The subsequent operations can best be illustrated by a 
diagram. 

/ 

/V 



First lay out a nu‘i*idiau through station 1 (Fig. S )), aiai 
define it hy a stake driven 300 or JOO fec‘t away tuwanls N. Loth 
of these staki‘s should be carefully “ witiu‘ssed," tliat tiny may be 
recovered at any time. To bigiii tlie survey, carofully center tlie 
transit oven* station 1, with verniers set to zero; turn tin* in^,tnmlent 
upon its lowt‘r motion until tin* line of sight approxiimitoly 
covers the stake at the north end of tlu‘ meridian, and candiilly 
center it by the lower tangent-screw; low(‘r the compass ma-dlo (it 
there is one), and note and record the magntdic dt^clination. Next, 
with the lower motion securely clamped, unclamp the upper motion, 
and revolve the upper plate in the direction of station 2. Clamp 
the unner motion, and carefullv center the line of sight by the 
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upper tangent-screw. Note and record the angle upon the plate, 
which will be the azimuth of the line 1 2. Measure the distance 
from 1 to 2, and note and record the compass bearing as a check. 

Now, with the upper motion securely clamped, remove the 
transit to station 2; and carefully center it over the stake with the 
north end of the plate ahead, that is, in the direction from 1 to 2. 
Transit the telescope, unclamp the lower motion, and bring the 
line of sight to cover station 1. Carefully center it by the lower 
tangent-screw. Clamp the lower motion, transit the telescope, 
unclamp the upper motion, and revolve the upper plate until the 
line of sight falls upon station 3, carefully centering it by the upper 
tangent-scr^w. Read and record the plate angle, which will be the 
azimuth of the line 2 3. Measure the distance from 2 to 3, and read 
the bearing of the needle for a check. 

Now see that the upper plate is securely clamped, move the 
instrument to station 3, and proceed as before; and so on through- 
out the traverse. 

In the above example (Fig. 80), since the first line is in the north- 
east quadrant, its bearing N. 38° E. will be the same as its azimuth 
(38°), and this angle is recorded upon the plate. The second line, 
however, passed into the southeast quadrant, and its azimuth will 
be recorded upon the plate as 38° + 81°, or 119°. Its bearing, how- 
ever, will be S. 61° E. The azimuth of the third line will be 38° + 
81° — 23°, or 96°. Its bearing will be S. 84° E. In a similar 
manner, the bearing of the fourth line may be deduced from the 
aziiOi’th as shown upon the plate. 

Fig 81 illustrates a traverse ))eginning in llu' southeast quadrant. 
The bearing of the first line is S. 41° E., and therc'fore its azimuth 
will be 180° — 41° = 139°. The hearing of the second line wall be 
S. 73° E., and its azimuth wall he 107°; and so on with the remaining 
courses of the traverse. 

By a similar process o*^ reasoning, the azimuths of courses in 
the southw^est and nortlwest quadrants may be deduced from the 
bearings, and vice versa. 

We therefore establish the following rules: 

(а) Courses m northeast quadrant — Azimuth = Bearing. 

(б) Courses in southeast quadrant — Azimuth = Supplement of Bear- 
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(c) Courses in southwest quadrant — Azimuth = 180° + Bearing. 

(d) Courses in northwest quadrant — Azimuth = 360° — Bearing. 

Bearing north: Azimuth = 0° or 360°. 

“ east: “ = 90°. 

“ south: '' == 180°. 

“ west: “ = 270°. 

For convenience in determining azimuths, the inside graduations 
of the horizontal circle may be numbered from 0° to 360° to the 



right, beginning at the norih end; and the outside graduations from 
0°.to 300° to the right, beginning at the south end. Then keeping 
the north end of the plate ahead — that is, in the direction of the 
traverse — for a traverse beginning in either the northeast or north- 
west quadrants, azimuths will be recorded directly upon the plate 
from the inside graduations; and for a traverse beginning in either the 
southeast or southwest quadrants, azimuths will be recorded directly 
upon the plate from the outside graduations. 

Traversing is particularly adapted to surveying roads, streets, 
railroads, shores of lakes, river banks, etc.; and in land surveying it 
possesses an ad\antage over the method by interior angles, on account 
of the readiness it affords in obtaining the bearings from the azimuths, 
and the greater rapidity with which the work may be platted, since 
the angle which each line makes with the assumed meridian or refer- 
ence line, may be taken at once from the field notes. 

In United b'tates go\ernment surveys, when a traverse is run to 
mark the divisions between private estates and bodies of water 

. • 1 IT i i . n - -1 - 7 - 7 • - _ 
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Keeping Notes. All notes of measurements of angles and dis- 
tances should be recorded as soon as made, in a special notebook 
adapted to the purpose. Avoid the practice of making notes upon 
scraps of paper and in small pocket notebooks and of filling in details 
from memory. The notes will probably be used by other persons 
unfamiliar with the locality, for platting and for general information, 
and these persons must depend entirely upon what is recorded, and 
how it is recorded, for their interpretation. To this end the notes 
should be clear and concise, yet full enough to give all necessary 
information. They should permit of only one interpretation, and 
that the correct one. 

The note keeper should bear in mind constantly the nature of 
the survey and the object to be attained, and this will enable him to 
determine what measurements are necessary. Do not crowd the 
notes. Use the left-hand page of the book for notes, and the right- 
hand page for such sketches an5 remarks as may be necessary. The 
record is usually made with a pencil, using a medium hard grade. 
If incorrect entries are made, erase them neatly; but avoid errors as 
much as possible, as too many erasures tend to discredit the work. 
After each notebook is filled, label it with the subject of the survey, 
the dates between which it was recorded, and all other information 
that may be of service in filing for future reference. Above all, do 
not lose a notebook, as it may contain information that cannot be 
recovered at any price. 

Referring to Fig. SO, the notes would be entered in the record 
as follows: 


St \tio\ 

Distances 

Dr FLE 

Right 

CTIONS 

Left 

Azimuth 

Needle 

1 

^ 220 00' 

3S° 00' 


38° 00' 

N. 38° 00' E. 

2 

223 00' 

81° 00' 


119° 00' 

S. 61° 00' E 

3 

2:^5 00' 


23° 00' 

96° 00' 

8. 84° 00' E. 

4 

1 

190 00' 


40° 00' 

56° 00' 

N. 56° 00' E 


Figs. 82 and 83 illustrate the method of keeping notes by means 
of sketches. 

Checking the Traverse. For an ordinary survey not involving 
unusual precision, a transit reading to single minutes will be sufficient. 
A single measurement will ordinarily give the angle with sufficient 
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accuracy; but should a check upon the measurement be 

necessary the angle may be '^repeated’^ as explained on page 109. 

As a further check against errors in angles, the magnetic bearing 
of each line should be read, showing the approximate directions of 
the lines, and by comparison with the azimuths or the deduced bear- 



angles should always be applied in the field, so that errors may be 
rectified before leaving the work. 

If the traverse involves a closed area, the accuracy of the transit 
work may be tested by adding together all of the measured angles. 
The sum of the interior angles should equal [n~2) X 1N0°, n being the 
number of sides of the field. For the deflection angles, the sum of 
all the deflections to the right should differ from the sum of all the 
deflections to the left by 360°; that is to say, the algebraic sum of the 
deflection angles should be 360°. 

It is sometimes desirable to check the lengths of the courses 
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of the measurement of any line, it should be measured, preferably in 
the opposite direction. In a closed traverse, it is well to run diagonal 
lines across the traverse as an additional check upon both the angles 
and the measured distances. 

For city work, the engineer should lay out a true meridian 
300 or 400 feet long, and mark the extremities of the line by per- 
manent monuments set in the ground and carefully protected 
from disturbance. To do this, in some convenient place permit- 
ting an unobstructed line of sight, drive a large stake, and mark 

its center by a hollow-headed tack. 
Center the transit carefully over 
this point, and proceed to lay out 
a true meridian, preferably wdth 
the solar attachment. Mark the 
direction of this line by a second 
stake carefully centered by a tack 
as before. Now, about 25 feet 
from the first stake, and in line 
with it and the second stake, exca- 
vate a hole in the ground about 
three feet in diameter and five feet 
deep, or deep enough to be below the frost line. Next build a 
foundation of concrete about two feet square and three feet deej). 
Before this has set,” insert in it a cut-stone post about nine 
inches square at its lower end and of such length that its top will 
come just below the surface of the ground, and having set into its 
top a co])per bolt about ^ inch by 4 inches. The ]K)st may be 
centered in the concrete by the transit, and should be set ‘‘plumb/'’ 
Now locate and build a second monument in line with tlie 
second stake and a few feet from it. After the conclude lias set 
firmly, again set the transit carefully over the cmiter of the first 
stake, and accurately align it by the tack in the second stake. Now 
^'plunge” (reverse) the telescope, and carefully center a point in 
the top of the copper bolt; mark this point with a steel punch. In 
the same way center a point in the top of the bolt of the second 
monument. The monuments may be protected by enclosing them 
in cast-iron valve-boxes with covers. Either one or both of these 

mnmiTnpnfci Ka iiqaH na itcjfa nH arH VkAnpli rlra -frAin 
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all the levels and grades may be ascertained- For this purpose a 
city datum may be assumed, or better, the bench-mark may be 
connected by a line of levels with a bench-mark of the U. S. Coast 
and Geodetic Survey, or, if such is not available, with a bench- 
mark of the nearest railroad. 

THE STADIA. 

Attached to the diaphragm carrying the horizontal and vertical 
hairs, are two auxiliary horizontal hairs called “stadia” hairs or 
wires. These hairs may be either fixed in position or adjustable, 



but the fixed hairs are the better for field use and cost much less. 
See Pig. 84. Any instrument-maker will equip a level or a 
transit with eitlier fixed or adjustable stadia wires, and they should 
be included in every outfit. 

The stadia is used for measuring horizontcd distances and 
differences of eh'vation, without the use of chain or tape or other 
apparatus except tlui leveling rod or a specially graduated stadia 



rod. It is based uxx)ii the princij)lo of the similarity of triangles. 
Thus, if tlie stadia hairs are si^aced so as to intercept one foot upon 
a rod held at a distance of one hundred feet, the rod intercept 
for any other distance will be in direct proportion to the first. 
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Unfortunately the construction of the telescope of an engineer- 
ing instrument modifies the above simple statement, and a formula 
for the use of the stadia will now be deduced. 

Let O in Fig. 86 be the optical center of the object-glass of 
the telescope. This point may be assumed at the center of the 
lens, and the error involved in such assumption is inappreciable 
and may be neglected. 

Let SSi be a portion of the stadia rod covered by the stadia 
hairs CCi. From 0 and Ci draw the lines CSi and CiS through the 
optical center of the object-glass. Upon looking through the eye- 
piece of the telescope, O will be seen as at Si and Ci as at S. 



Call i the distance between the stadia hairs, s the intercept 
upon the rod, /*' tlie distance from O to the win's, and (J the 
distance of tlie rod from O. 

Tlie triangles COCi and SOSi an^ similar, and therefore we have 
the proportion 

/: .9 f . a 

therefore <1 — (^) 


But/'' varies with d. That is to say, if the rod were to be 
moved closer to the instrument, as at CjD, the kms would be moved 
farther from the wires, or the wires from the lens, and in either 
case the wire interval would intercept a shorter space upon the rod, 

/' -f 1 

or its equal 

a 


as SiRii. The ratio 


or its equal , will therefore vary 


for each position of the rod. But however they vary, we have from 
a well-known Drincinle of ontics: 
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1 

r 



( 2 ) 


in which f is the principal focal distance of the lens, andy' and 
d are any pair of conjngate focal distances. Snbstitnting the 


valne of from (1) in (2), there resnlts the eqnation 


% ^ 


( 3 ) 


Equation 3 gives the distance of the rod from the lens. 

We can establish some very important relations: 

In Fig. 87 lay off OF' = OF = principal focal distance of 
lens =/* 

0 and Cl being the stadia wires, draw 0 D and Ci E parallel to 
the axis of the lens, and through F' draw D Si and E S; then will 
S Si = the intercept upon the rod. 

The distance of the rod from the point F' is 


d'=d -/=(-{-" +/) -/ =T"- 


From the similarity of the triangles EP'O, SF'B and S 2 F'B', we 
have: 

F'O : OE :: F'B : BS P'B' : B'S>. 

Therefore the points S, Si, F', and E lie in the same straight 
line; and therefore, wherever the cross-hairs are situated, or, more 
strictly, whatever may bo the x3osition of the lens, the visual lines 
defined by the stadia wires will intercept the elements of tlie cone 
of light defined by SF'Si. 

All distances must be measured from the center of the 

instrument; and therefore to the expression d = n +/’ must be 

addend a quantity that will rei)n‘sent the distance from tlie center 
of the kms to the plumb-line. This quantity is variables of course, 
but an average value is usually taken. Call this quantity c. The 
quantity / may be found by focusing the instrument on a star, and 
measuring the distance from the center of the lens to the cross- 
hairs. We can therefore determine the quantity /’+ c. This, 
however, is usually supplied by the instrument-maker, and with 
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The complete equation, therefore, for any distance measured 
with the stadia, is: 

d + (/ + c) (4) 


If, then, upon level ground we lay off the distance y + o in 
front of the plumb-line, drive a stake, measure from this stake a 
distance of 100 or 200 feet, or any other convenient distance, and 


•F 

note the rod intercept, then in the formula c?' ^ are 

measured, and we can determine the ratio or, if y*has been 


previously determined, we can determine the value i or the distance 
between the cross-hairs. 

f 

The ratio — being known, distances can be found from 
2 ' 

equation 4. It is nsnally most convenient to make this ratio 100, 
so that at a distance of 100 feet the wires will intercept one foot 
upon the rod. 

The rod may be either an ordinary leveling rod, or a stadia 
rod divided specially for the telescope and wires. When the rod is 
specially graduated, it may be in either one of two ways. Either 
it may be graduated so as to give the distance from P', in which 
case the quantity /* + c will have to be added in each instance; 
or it may be graduated to give distance's from tlie ctuitc^r dirt'ctly. 

If the rod is to be graduated specially, proceed as follows : 

Carefully level the lino of collimation of the telc'scope, and lay 
off from the plumb-line the distance f + r. From tlu^ point 
thus established measure off any convenient distance, as 500 feet, 
on a horizontal plane. Set up the rod, not ytd graduated, at this 
point, and hold it carefully perpmidicular to tln‘. line of sight from 
the telescope. This can best be done by means of a i)lumb-line. 
Be careful to eliminate all parallactic motion of the win‘S oj^ tlio 
rod, when the eye is moved up and down before the c‘ye-pi(‘ce. 

Mark on the rod very carefully the api^arent place of the lower 
wire. This should be about one-quarter the length of the rod from 
one end if the horizontal distance first laid off is about one-half 
the greatest distance for which the rod can be used. The middle 
wire will then be at about the middle of the rod, and the upper 
one at about one-quarter the length of the rod from the other end. 
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Mark the latter point carefully. The wire interval for a space of 
'dOO feet from P ' has thus been found. One-fifth of this space will 
be the wire intercept at a distance of 100 feet; twice the space, 
the intercept for 1,000 feet; and so on. The intermediate spaces 
can thus be graduated. It must not be forgotten that in using 
the rod thus graduated, the quantity f+o must be added to the 
distance indicated by the rod, to reduce the distance to the center 
of the instrument. 

If the rod is to be graduated to give distances from the center 
of the instrument directly, proceed as before, marking the spaces 
upon the rod corresponding to the distances measured upon the 
ground. The quantity f + o will not now have to be added 



to the distanct's given by the rod; but for vvvry x>oiiit other than 
that for which the rod is graduated, tlu‘ distaiiet‘ will be in I'rror 
by some fractional part of^d- c. The reason for tliis will bt 
api)art‘nt by reft‘rriiig to Fig. 87. If tlie distance is le^s tliaii 
that for which the rod was graduated, the rod readings will imlicate 
too small a distance'; and for a distance greater than tlui standard, 
the rod readings will indicate a distance too gre'at. It is therefore 
more exact to mark the wire inter^ul at 100 fee't, 200 feet, and so on 
through the length of the rod. Each space thus dt'te'rmined can 
be divided up as desired; and the error involved in any reading 
will then be much smaller than if the rod were graduated for a 
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Th-QS far the rod has been assumed as held perpendicular to 
the line of sight, which of course will always be the case when 
using the stadia in the leveling instrument. The stadia, however, 
finds its greatest usefulness in connection with the transit, when 
the line of sight is seldom horizontal. If, at the same time the 
rod intercept is read, the vertical angle is noted, differences of 
elevation may be determined, as well as the distances. 

A formula will now be deduced for reducing inclined readings 
to the horizontal, and for determining differences of elevation, the 
rod being held vertical. 

In Fig. 88, let the angle of inclination of the line of sight to 
the horizontal plane be called BCN = FBD = I. This angle 
will be measured upon the vertical circle of the transit. If the 
rod be held perpendicular to the line of sight, the intercept upon 
the rod = D E = Represent the rod intercept when the rod is 
held vertical by 5 '. Now since the angle F D B = 90° nearly, 

D E = F G cos I, or 5 5 ' cos I. But 0 B = + (/* + c) == , 


f 

■^8 ' cos I + (/*+ < 3 ). Therefore the horizontal distance to the rod 

= C B cos I = -4-^' cos^ I + (/*+ ^?) cos I = C N. The vertical 
distance of the point B above the horizontal plane through the 
axis of the telescoi}e = B N = C B sin I = ' cos I sin I + 

{f+ c) sin 1 = 1 sin 2 I + (/* + c') sin I. 

For vertical angles less than 5° the quantity (/+ r) sin I is 
less than 0.1 {f + c) and may be neglected. 

The Use of the Stadia in the Field. In using the stadia wires 
in level country, no special instructions are necessary, as thelinci of 
sight is at all times horizontal. Over very uneven ground, thcj 
use of the level and stadia is very limited. However, there are 
often conditions in which the stadia wires in a leveling instrument 
are a very great convenience. The range of the instrument may 
sometimes be increased by using the center wire together with one 
of the stadia wires, but the instrument should be carefully tested 
to ascertain if the stadia wires are equally spaced with reference to 
the middle wire. 
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For extended surveys over uneven country, the transit 
stadia are particularly adapted, and especially for filling in details 
of an extended topographical survey. The saving of time and 
expense are important elements in favor of the transit and stadia 
as compared with the transit and tape; and with a little practice 
and attention to details the results should be fuUy as accurate. 
Certainly, when an engineer must depend upon unskilled help to 
carry the tape, there can he no choice as to which to use. 

For use with the stadia, the transit should be provided with a 
complete vertical circle, reading to minutes at least; and a level 
tube should be attached to the telescope. The eye-piece should be 
inverting. Before starting out upon a survey, the transit should 
be carefully tested and corrected through all of its adjustments. 
The field operations are then as follows: 

Set up the instrument over a principal station of the survey, 
and level it carefully. If a solar attachment is available, it will be 
desirable to lay out a true meridian, from which the declination of 

the needle may be determined. 
Now determine the height of the 
cross-hairs by holding the stadia 
rod close to the side of the 
instrument, and noting the height 
of the center of the horizontal 
axis of the telescoiDe. Locate 
the second station cart^fully, and 
turn the telescox)e upon the horizontal axis until the ctniter wire 
cuts the division upon tlie rod (held upon the ground) representing 
the height of the axis of the instrument above the ground at the 
first station. Now d(‘termine the azimuth of the line coiinecting 
the two stations, read the vertical angle of tlie telescope^ and 
determine the rod intc'rcopt. Enter these items in the field book 
and proceed to take observations ui^on sub-stations (called ‘‘side- 
shots’'). 

The same program is to be repeated for each case, except that 
the side-shots may or may not be taken upon points indicated by 
stakes. The princii3al stations of a stadia survey sliould be 
permanent; the stakes should be driven, and “witnessed” so as to 
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Having now located all the necessary points from the first 
station, remove the instrument to the second station, and set it up 
with the north end of the plate in the direction of the survey. 
Having carefully leveled the instrument, determine the height 
of its axis as before, and send the rod back to the first station. 
Transit the telescope, and sight upon the rod as before. Read 
vertical angle and stadia rod, and determine azimuth, and these 
will serve* to check the former determinations. 

In moving from one station to another it is advisable to set 
the scale of the horizontal circle to zero. Transit the telescope 
again and locate the next station; and* so on throughout the survey. 

The principal stations of a stadia survey may have been 
located by a previous triangulation, in which case it will probably 
be necessary to locate intermediate stations as the survey 
progresses. Or all of the stations may be located during the 
progress of the survey. The courses connecting the principal 
stations form the ‘‘backbone” of the survey, and the azimuths 
and distances should be checked at every opportunity. 

In keeping the field notes, represent the principal stations by 
triangles, as ^2 etc.; and the secondary stations by circles, 
as 01 ©2 ©8, etc. 

Below will be found an example of the method of keeping 
notes. Use the right-hand page for sketches, or for such additional 
notes as may be necessary. 


Sta 

Ver. a. 

Veh B. 

Obs.Dist. 

Cor. Di.st 

Ang 

Diff El 

El(‘v 

At ^ 7 

Elev. ^ 7 

= G33 5' 

Ill = 

5 r 




A 5 

152°31' 

332°3r 

7)23 2 

523 2 


~ 1 () 

031 !) 

0 1 



7>24 

520 


-{-47 3 

o.so s ! 

2 

Nyi>/ 


337) 

37)3 

+r)°4s' 

-h35 5 

(M)'.) 0 i 

0 1 



2i)3 

200 

+:)°27- 

-1-27 0 

()()L.l 

4 

lUb°3.V 


233 

235 

+ r23' 

-j- 5 8 

()39 3 

."j 



245 

245 

+0°33' 

+ 23 

037) S 

0 

132°4r 


223 

220 

-7°52' 

-30 4 

003.1 

7 

lo2°57' 


228 

202 

-S°55' 

-69 2 

504 3 ' 

8 

1 

7o°04' 


277 

273 

+5°20' 

-h25 5 

059,0 ■ 


Stadia Rods. Telemeter or stadia rods are made of clear white 
■nine well seasoned, about i of an inch thick, from 4 to 44 inchoR 
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wide, and from 10 to 16 feet long. They are protected by a metal 
shoe to keep the lower end from being battered or split. The rod 
is stiffened by having a piece 2^ inches wide along its back. 
Generally a stadia rod is hinged at the center for greater con- 
venience in transportation, and at the same time it is provided 
with a bolt on the back to protect the graduation and to hold it in 
position when in use. 

A self-reading level rod may be used for distances if the wires 
are adjustable (see Figs. 89 and 84), or if the wire interval has 


Fig. 91. 

bc‘en (leteriiiined in standard units. The rods 
nsed in connection with this grade of work dith‘r 
from those employed in ordinary levtliiig. 

Tliose with graduations have the inner snrfaci^ 
n‘cessed to protect the graduatt‘d surface, and 
Fig. 90. painted white with the scale in black. Tin* 
forms of graduation are different on diff'enait rods. Tii some, tlu‘ 
unit of measure is tlu‘ meter, while others have the foot, as will be 
described later. Wlien telemeters are in use, tlu‘y ari^ open, laid 
flat, and held securely in line by the brass clip (or bolt) abovt^ 
referred to. They are sometimes lU'ovided with a target. 

In order to have the rod held in a perfectly vertical position. 
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A B C D E 


A, B and C— U. S Coast Survey. D— U S I,ake Survey, K— U. S Engineers. 

Fig. 93. 
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which the rodman can tell whether the rod is in a vertical plane. 

Figs. 90 and 93, D, show two types of graduations suitable 
where the meter is the unit. Fig. 93, D, has for many years been 
used by the United States Coast and Geodetic Survey as well as 
by the United States Lake Survey. The angles of graduation divide 
the rod into two centimeter intervals. Fig. 90 shows the rod used 
on the survey of the Mexican border. The graduation is apparent, 
and no further explanation need here be given. 

Figs. 92 and 93, 0, are types suitable where the foot is the unit. 
In Fig. 92 the width comprised between the ends of the points divide 
into five equal parts, the vertical black lines taking up two of these 
differences. The diagonal then gives one hundredth of a foot, and 
permits readings direct to single feet. Fig. 91 shows a plain 
rod without scale, and the unit is the foot. Classes A, B, C, D and 
E, Pig. 93, belong to the respective surveys as indicated. 
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TIME OP ELONGATION AND CULMINATION OP POLAEIS. 


DATE IN 1899. 

EAST 

ELONGATION. 

UPPER 

CULMINATION. 

WEST 

elongation. 

lower 

culmination, 



h. 

m. 

h. 

m. 

h. 

m. 

h. 

m. 

January 

1 

0 

41.9 

6 

36.7 

12 

31.5 

18 

34.7 


15 

23 

42.7 

5 

41.7 

11 

36.2 

17 

39.4 

February 

1 

22 

35.5 

4 

34.3 

10 

29.1 

16 

32.3 


15 

21 

40.3 

3 

39.0 

9 

33.9 

15 

37.0 

March 

1 

20 

45.1 

2 

43.6 

8 

38.6 

14 

41.8 


15 

19 

50.0 

1 

48.8 

7 

43.5 

13 

46.8 

April 

1 

18 

43.0 

0 

41.7 

6 

36.5 

12 

39.8 


15 

17 

48.0 

23 

42.8 

5 

41.5 

11 

44.8 

May 

1 

16 

45.2 

22 

39.9 

4 

38.7 

10 

41.9 


15 

15 

50 3 

21 

45.0 

3 

43.8 

9 

47.0 

June 

1 

14 

43.6 

20 

38.4 

2 

37.1 

8 

40.4 


15 

13 

48.7 

19 

43 5 

1 

42.2 

7 

45.5 

July 

1 

12 

46.1 

18 

40.9 

0 

39.6 

6 

42 9 


15 

11 

51,2 

17 

46.0 

23 

40.8 

5 

48.0 

August 

1 

10 

44.7 

16 

39 5 

22 

34.3 

4 

41.5 


15 

9 

49.8 

15 

44 6 

21 

39.4 

3 

46.6 

September 

1 

8 

43.2 

14 

38 0 

20 

32.8 

2 

40 0 


15 

7 

48.3 

13 

43 1 

19 

37 9 

1 

45 1 

October 

1 

6 

45 5 

12 

40 3 

18 

35.1 

0 

42 3 


15 

5 

50.5 

11 

45 3 

17 

40.1 

23 

43 4 

November 

1 

4 

43.7 

10 

38,5 

16 

a3.3 

22 

36 5 


15 

3 

48 5 

9 

43 3 

15 

38.1 

21 

41 3 

December 

1 

2 

45.5 

8 

40 3 

14 

35 1 

20 

38 3 


15 

1 

50.2 

7 

45 0 

13 

39.8 

19 

43.0 


AZIMUTH OF POLARIS AT ELONGATION. 


YK \ T {. 

25^ 

30^ 

35- 

40 


45 



50^ 



55" 


1900 

1- 

21' 

2 

10 

24' 

.9 

V 

29' 

.8 

1" 

36' 

.0 

1^ 

44' 

.0 

1° 

54' 

.4 

0 " 

08' 

.3 

1901 

1 

20 

.8 

1 

24 

.0 

1 

29 

.4 

1 

35 

.6 

1 

43 

.6 

1 

54 

.0 

2 

07 

.8 

1902 

1 

20 

.5 

1 

24 

.2 

1 

29 

.0 

1 

35 

.2 

1 

43 

.2 

1 

53 

.5 

2 

97 

.2 

1903 

1 

20 

.1 

1 

23 

.9 

1 

28 

.7 

1 

34 

.8 

1 

42 

.7 

1 

53 

.0 

2 

06 

.6 

1904 

1 

19 

.8 

1 

23 

.5 

1 

28 

.3 

1 

34 

.4 

1 

42 

.3 

1 

52 

.5 

2 

06 

.1 

1905 

1 

19 

.4 

1 

23 

.1 

1 

27 

.9 

1 

34 

.0 

1 

• 41 

.8 

1 

52 

.0 

2 

05 

.6 

1900 

1 

19 

.1 

1 

22 

.8 

1 

27 

.5 

1 

33 

.6 

1 

41 

.4 

1 

51 

.5 

2 

05 

.0 

1907 

1 

18 

.7 

1 

22 

4 

1 

27 

.1 

1 

33 

.2 

1 

40 

.9, 

1 

51 

.0 

2 

04 

.4 

1908 

1 

19 

A 

1 

22 

1 

1 

26 

.8 

1 

32 

.8 

1 

40 

.5| 

1 

50 

.6 

2 

03 

.9 
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UNITED STATES GEODETIC SURVEY 
Base Map of the United States 

Declinations west of the line of zero deciination are — , those east are "!■. 
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PLANE SURVEYINa 

PART III. 


THE QRADIENTER- 

The vertical circle or arc of the transit or theodolite, under 
ordinary circumstances, furnishes the means of measuring the 
vertical angle through which the line of collimation is turned, or, 
on the other hand, of turning the line of collimation through any 
desired vertical angle. Much of the work of the engineer consists 
in measuring slopes or grades, or in setting a line at a certain 
slope or grade; and the data are given, not in terms of the vertical 
angle directly, but usually by the amount of rise or fall per 100 
feet. Thus, a rise or fall of 2 feet in 100 feet is designated as a 
2 per cent grade; a rise or fall of 60 feet to the mile would be 
designated as a 0.95 per cent grade, etc. The ratio of these two 
quantities, (ovfaJl) to reach is evidently the natural tangent 
of the angle of slope; and before the vertical circle can be used for 
setting off such slopes, the ratio must be transformed into degreet 
and Tiiinutes of are. 

The tangent-screw of the horizontal axis of the telescope 
witlioiit the aid of the vertical circle, provides the means of quick, 
ly and accurately setting oif slopes directly, when the vertical 
angle does not exceed fifteen or twenty degrees. For this pur* 
j)ose, the ordinary tangent-screw is rej)laced by a fine screw, with 
very uni form pitch and large graduated head, and also a grad- 
uated scale from which maybe read the number of turns or double 
turns made by the screw. The graduated head fits friction -tight 
u])on the neck of the screw, so that its index may be made to read 
zero when the line of collimation is horizontal; and it is usually 
di\ided into fifty parts, so that, after the number of double turns 
is read from the scale, it will give the number of fiftieths of e 
single turn, or hundredths of a double turn. (See Fig. 04.) 

Let the distance of the screw from the axis about wLich the 
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the threads by t. If the screw is turned through one revolution, 
the lever AD (Fig. 94) is moved through the distance DE, and the 
line of collimation through the distance BO, upon the rod PQ. 

Now, the tangent of the angle DAE 


DE 


BO 


^ rn 

AD ~ AB ~ r 
this ratio, the maker of the instrument can give any convenient 


value, but it is customary to make it = and it will be so con- 


1 

200 ’ 


sidered throughout this discussion. 

If, then, the line of collimation be directed toward the gradu- 
ated rod PQ, the space over which the line of collimation is 

moved for one revolution of the 



' screw is 


200 


of the distance of 


the rod from the instrument; 
and the space upon the rod over 
which it is moved for two rev- 
olutions of the screw = g = 


Pig. 94. 


100 


of the above distance. If 


the screw is turned through less than a single revolution, it will be 

36 

indicated upon the graduated head, as, for instance, -gg of a single 

7 1 7 

turn, the intercept upon the rod being ” 2,OO0 ^^ 

distance from rod to instrument — it being understood, of course, 
that the rod is held perpendicular to the line of collimation in its 
initial position. The index of the graduated head should read 
zero wlien the line of collimation is horizontal, and tlie reading of 
the scale of revolutions should be zero at the same time. 

The gradienter may be used as a telemeter, as a level, or 
simply as a grade-measurer, as will be explained in w^hat follows. 

Call s the intercept upon the rod for any movement of the 
gradienter-screw, and d the distance from the instrument to the rod. 

If the number of revolutions of the gradienter-screw is known, 
whether s and d are known or not, the tangent of the angle of 
inclination of the line AO is known, and the instrument is a grade- 
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If the space s and the number of revolutions of the gradiei 
screw are known, the distance d is known, and the instrumen 
then a telemeter. 

If the distance d and the number of revolutions of the gradi- 
en ter- screw are known, the space 8 is known, and the instrument 
then serves the purpose of a level. 

As a gradienter, the instrument may be used either to meas- 
ure the grade of a given line, or to lay out a line to a required 
grade. ' 

(1.) Let AB (Fig. 95) be the line whose grade is required. 
Set the transit up over the point A, and level carefully. Measure 
the height of the cross-hairs above the ground by holding the rod 
beside the instrument and noting the point upon the rod directly 
opposite the center of the horizontal axis of the telescope. Bring 

the line of collimation CE hori- 
zontal by means of the bubble 
attached to the telescope (the 
instrument is supposed to be in 
adjustment), and set both the 
indexes to zero. Now carry the 
rod to the point B, and by means of the gradienter-screw turn the 
telescope in a vertical plane until the line of collimation strikes the 
point D as far above B as C was above A. Now count the number 
of full turns from the reading of the scale by the screw-head, and 
the number of fractions of a turn from the divided head. The 
former will give the rise (or fall) in ftet per 100, and the latter in 
hundredths of a foot. It must be remembered that if the screw has 
made more than a w’hole turn past the last number on the scale 
the reading of the head must be increased by fifty. 

Thus, if the reading of the scale is 3 and the reading of the 
head is 35, plus one whole revolution, the rise (or fall) per 100 
feet will be as follows : 

3 double turns 3.00 ft. 

1 single turn 0.50 ft. 

3 5“ ‘ 0.35 ft. 

^ 0 

3.85 ft. 

So that the slope of CD, which equals that of AB, is therefore 
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EXAMPLE FOR PRACTICE. 


If the scale reads 2 and the head 31, determine the percent- 
age of slope. 

(2.) It is required to layout in a given direction a line with 
a given percentage of slope from the point A. See Kg. 96. 

Set up the instrument on the given point, as B, and level it 
carefully. Measure the height of the cross-hairs above the ground 
as before, and set the pointers to read zero with the bubble in the 
center of the telescope tube. Now revolve the line of collimation 

in a vertical plane by means of 
the gradienter-screw so as to set 
off the required slope. For in- 
stance, suppose it is required to 
set off a slope of 2.78 per cent. 
The screw should be turned 
five complete revolutions as in- 
dicated upon the scale, plus || 
of a revolution as indicated upon the divided head of the screw: 



200 

28 

50 


X 100 ft. 



100 ft. 


= 2.50 feet. 

= 0.28 fe et 

= 2.78 feet per 100 feet. 


Now carry the rod to any convenient point, as G, in the direction 
of the required line; hold it in a vertical position; and note the 
height of the line of collimation. Take the difference between 
this and GE (-= AB). If this difference, as K(t, is j)ositive, it 
gives the height of the grade line above the ground and indicates 
a jtll at the point. If the difference is negative, as DE, it gives 
the depth of the grade line helow the ground and indicates a 


EXAMPLE FOR PRACTICE. 

Let it be required to set off a B.B5 per cent grade, and 
describe the operation in detail. 

VThen the gradieiiter is used as a telemeter, it may be upon 
level or sloping ground. 

(1.) TTjpon Level Ground. Set up the transit at one end of 
the line, and level carefully. Bring the bubble of the telescope 
level to the center of its tube, and both trradienter scales to zero. 
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Now send the rod to the next station and let it be held vertical; 
adjust the target to the line of collimation and take the reading. 
Now turn the gradienter-screw through two revolutions and take 
the reading again (see Fig. 97). 

The diiference of ' the two read- 
ings gives DE in feet; and since 
the gradienter-screw has been 
turned through two revolutions, 

CE = 100 DE. Thus, if DE 
= 3.25 feet, CE = 325 feet. 

(2.) Tlpoirb Sloping Ground. On sloping ground the first 
reading upon the rod cannot be taken with the telescope horizon- 
tal, but the telescope must be revolved in a vertical plane until the 
intersection of the cross-hairs falls at a division upon the rod 
equal to the height of the cross-hairs above the ground at the 
transit station. If now the rod be held perpendicular to the line 
of sight, and the gradienter-screw turned through two revolutions, 

the intercept upon the rod will be of the required distance. 

With the gradienter, as with the stadia, it is more convenient to hold 
the rod vertical and apply the necessary correction to the rod reading. 

Set up the transit over a point at one end of the line and level 
carefully. Measure the height of the cross-hairs above the ground. 
Now loosen the clamp of the tangent-screw attached to the vertical 

arc or circle, and revolve the 
telescope in a vertical plane until 
the intersection of the cross- 
hairs falls upon a point 0 (Fig. 
98) upon the rod held at D, such 
that (’D ^ AB. Bead and note 
the vertical angle after clamping 
the orradienter-screw with both scales set to read zero. This ancrle 

r5 n 

will be <p (Fig. 98). Now turn the gradienter-screw through 
two revolutions, and note the reading ED upon the rod; the differ- 
ence between this and CD (= AB) will give EC, which calls'; 
let FC, the perpendicular intercept upon the rod, be called S; the 
distance AC, parallel to the slope, IF; and let the horizontal dis- 
tance AG be denoted by H. Then from the lieure, 




Fig. 97. 
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H' = 100 S. 

Nowj from the right triangle EAG, the angle at E = 90° - 
^0 + (f>); and from the right triangle EAO, the angle at F = 90° 
— 0. Therefore, in the triangle CFE, the angle at F = 180° — 
(90° - tf) = 90° + 0. 

Therefore, 

S : S' : ; sin [90° - + (f>)] : sin (90 + 0); 

or S : S' : : cos (0 <f>) : cos 0. 

Hence S-S' 

COS 0 

COS ^ cos - sin 0 sin (j> ^ . ... 

= S — T = S (cos ^ - sin 0 tan 0 ): 

cos ^ \ T' y ? 

but tan 0 = , and therefore S = S' (cos - sin ^ 10(7)' 

Therefore H', the distance along the slope, 

= S' (100 cos (j) - sin ; 
and H, the horizontal distance, 

= H' cos (j) = S' (100 cos® ~ cos sin (f>) 

= S' (100 cos® ^ - i sin 2 (j!>) 

= 100 S' - S' (100 sin® sin 2 (j>). 

It may be well to note that the lower reading of the rod need not nec- 
essarily be such as to make CD = AB, but only as a matter of convenience. 

EXAMPLE FOR PRACTICE. 

Upper rod reading == 7 49 
Lower rod reading = 4.67 
Vertical angle of lower rod reading = 15° 35'. 

Required to find the distance parallel to the slope between 13 and 
D and the horizontal distance AG. 

Let it now be required to find the difference of elevation 
between B and D = CG. 

Evidently CG = II tan <p = S' (100 cos® cf) tan (p - cos sill 
<l> tan 

= S' (100 sin (j> cos cj> ~ sin® <f)) 

= S' (100 i sin 2 (f> — sin® <p). 

In the last example, determine the difference of level of B 

and D. 

It must not be forgotten of course, that the gradienter used 
in this way cannot g:ive results so accurately as the snirit level: 
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but nevertheless, for rapid work, the results will be sufficiently 
correct. 

If the student possesses a set of stadia reduction tables, the 
values of sin’ (f> and i sin 2 <f> can be taken out at once and much 
labor saved. 

To Lay out a Meridian with the Transit. By means of the 
North Star at Ujpjper or Lower Culmination, Twice in 24 hours 
(more exactly, 23 hours 56 minutes) the north star “ culminates ” ; 
that is to say, it attains to its maximum distance from the pole, above 
or below it. At the moment of culmination, the star is upon the 
meridian and if, therefore, a line be ranged out upon the ground in 
the same vertical plane, it will define a meridian. 

Set up the transit over a peg, in an open space, giving an 
unobstructed view of a line about 400 or 500 feet long. Level the 
instrument carefully (it should be in perfect adjustment), and, a few 
minutes before the time of culmination, as given in the table, focus 
the intersection of the cross-hairs upon the star ; clamp the plates, the 
vertical axis, and the horizontal axis of the telescope. Now by 
means of the tangent-screws attached to the vertical axis and to the 
vertical circle, move the telescope in azimuth and altitude, keeping 
the cross-hairs fixed upon the star. After a time it will be found 
that the position of the star no longer changes in altitude; it is 
then upon the meridian. Now clamp the vertical axis, plunge the 
telescope, and carefully center a stake 400 or 600 feet from the 
instrument; the line connecting the two stakes, will define the true 
meridian. 

The whole operation may be repeated several nights in sue- 
cession, and the mean of all the results taken. 

By Means of the North Star at Eastern or Western Elon- 
(jation. Twice in 24 hours, the north star attains to its maximum 
distance east or west of the pole, called its eastern or western “ elon- 
gation.” If a line be ranged out upon the ground in the direc- 
tion of the star — at, say, the time of eastern elongation, and again 
at the time of western elongation — and if the angle between 
these two lines be bisected by a third line, this last line will evi- 
dently be a true north and south line. 

Otherwise, Having laid out a line upon the ground in the 
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a table the azimuth (or bearing) of the star at such time, and upon 
the horizontal plate of the transit set oflE this angle to the east and 
range 'Out a line — which will therefore be a true north and south 
line. If the position of the star is taken at eastern elongation, the 
azimuth must be turned off to the west. 

Set up the transit over a peg a few minutes before the star 
attains its maximum elongation, as given by the table. Level, and 
fix the line of collimation upon the star, following its movement 
as described under the previous method. After a time, it will be 
found that the movement of the star in azimuth ceases; the star 
has then attained its maximum elongation. Now clamp the ver- 
tical axis of the instrument, plunge the telescope, and center a stake 
in the proper direction. Now take from the table the proper azi- 
muth, revolve the upper plate through the given angle in the 
proper direction, and range out a line upon the ground for the true 
meridian. 

In order to determine the azimuth of the north star at eastern 
or western elongation, it is necessary to know the latitude of the 
place of observation. 

Definitions. The altitude of a star is the vertical angle at 
the instrument included between the plane of the horizon and the 
line from the instrument to the star, as given by the line of colli- 
mation. 

The latitude of a place is equal to the altitude of the pole. 

If, therefore, we have any method of determining the altitude 
of the pole, the latitude of the observer is known at once. 

The altitude of the pole may be determined by observing the 
altitude of the north star, first at its upper culmination and again 
at its lower culmination. The mean of these ol)S(u*vations, cor- 
rected for refraction, will give tlie altitude of the pole and there- 
fore the latitude of the observer. See tables of refraction of Polaris. 

Set up the transit and level it, and proceed in the same man- 
ner as described under the first method for laying out a true 2nerid- 
ian. When the star has reached its maximum distance above or 
below the pole, as indicated by the line of collimation moving in 
a horizontal plane, clamp the horizontal axis of the telesco]')e and 
read the angle upon the vertical circle. The result will be the 

C?fnT» OOTT of 1 1 -r^ r»r» f fT-» vt 
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at lower culmination. Now, if A represents the altitude at upper 
culmination, and the altitude at lower culmination; the refrac- 
tion at upper culmination, and di the refraction at lower culmina- 
tion, then Ap, the altitude of the pole (= latitude of the place), 
will be given by the following: 

■^p = -|(A + Ai-cZ - d{) 

It will be well to repeat these observations and take the mean 
of the results as the probable altitude of the pole. 



THE SOLAR TRANSIT. 

Th e solar transit is an ordinary engineer’s transit fitted with 
a solar attaelinient. Of tlie many forms of solars in us(% that 
invented ])y G. N. Saeginuller, AVashington, P. C., seems to be the 
favorite. In its latest form it is shown in Fig. 90, and consists of 
a telescope and level attached to the telescope of the transit (see 
Fig. 100) in such a manner as to be free to revolve in two direc- 
tions at right angles to each other. VThen the transit telescope is 
horizontal and the bubble of the solar in the center of its tube, the 
tiiixiliarv telescoT^e with its bubble revolves in horizontal and ver- 
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If now the line of collimation of the transit be brought into 
the meridian, the telescope pointing to the south, then, if we lay 
off upon the vertical circle, upward, the co-latitude of the place, 
the polar axis of the solar will be parallel to the axis of the earth. 
If now the two lines of sight are parallel and the solar teleSbope is 
revolved upon its polar axis, it is evident that its line of sight will 
describe a plane parallel to the plane of the equator. If now the 
transit telescope be still maintained parallel to the equator, if we 
turn the solar telescope upon its horizontal axis until the angle 
between the two lines of collimation equals the declination of the sun, 
then when the solar telescope is revolved upon its polar axis,^its 
line of collimation will follow the path of the sun for the given 
day, provided there be no change in the sun’s declination. If 
therefore the solar telescope is revolved until the image of the sun 
is brought between a pair of horizontal and vertical wires, pro- 
vided in the telescope for that purpose, at that instant the line of 
sight of the transit telescope is in the meridian. 

The horizontal axis of the solar telescope and the polar axis of 
the solar are provided with clamps and tangent-screws by means 
of which careful adjustments may be made. Two pointers are at- 
tached to the solar telescope, so adjusted that when the shadow of 
the one is thrown upon the other, the sun will appear in the field 
of view. There are also provided colored glass shades to the eye- 
piece to protect the eye when observing upon the sun. The 
objective and the cross-hairs are focused in the usual way. 

Adjustments of the Solar Transit. It is assumed in what 
follows that the transit is in perfect adjustment, particularly the 
plate levels, the horizontal axis of the telescope, and the zero of 
tlie vertical circle. 

1. To adjutit the Polar A,ris, The polar axis should be 
vertical when the line of collimation and the horizontal axis of the 
telescope are horizontal. To make this adjustment, level the tran- 
sit by means of the plate levels. If the telescope is not fitted with 
a level, make the vernier of the vertical circle read zero. Now 
bring the bubble of the solar to the center of its tube and clamp 
the horizontal axis. Loosen the clamp of the polar axis, and turn 
the solar upon its polar axis through 180°. If the bubble remains 
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bubble runs toward one end of the tube, correct one-half of the 
error bj revolving the solar telescope upon its horizontal axis and 
the other half by means of the capstan -headed screws at the base 
of the solar. 

If the telescope of the transit is fitted with a level, it will be 
better to test the vertical! ty of the vertical axis by means of it, 
since it is longer and more sensitive than the bubbles upon the 
plate. To do this, revolve the telescope upon its vertical axis 
until it is directly over a pair of diagonally opposite plate screws, 
and bring the bubble to the center by means of the tangent-screw 
attached to the horizontal axis of the telescope. Now revolve the 
telescope upon its vertical axis through 180*^, and note if the bub- 
ble runs to one end; if it does correct one-half the error by the 
parallel plate-screw and the other half by the tangent-screw of the 
horizontal axis, and repeat this test and correction until the bubble 
remains in the center in all positions. 

2. To Adjust the Cross-Hairs of the Solar. The line of 
coUimation of the solar telescope should be parallel to the line of 
collimation of the transit telescope. The first adjustment having 
been made, first bring the telescope into the same vertical plane by 
centering a stake by the transit telescope and clamping the verti- 
cal axis. Now turn the telescope of the solar upon the polar axis 
until the intersection of the cross-hairs covers the same point upon 
the stake, and clamp the polar axis. Now level both telescopes 
by bringing the bubbles to the center, and measure the distance 
between the axes of the two telescopes; draw at this distance two 
black parallel lines upon a piece of white paper. Tack up the 
paper against a wall, post, or other convenient object, adjusting it 
in position so tliat one black line is coverc‘d by the horizontal cross- 
hair of the transit telescope; notice if the other hlack line is cov- 
ered by the horizontal cross-hair of the solar; if so, the adjustment 
is completed; otherwise, move the diaphragm carrying the cross- 
hairs of the solar, until the second black line is covered. Adjust 
ing the cross-hair diaphragm may displace the solar telescope ver- 
tically, so that the bubble should again be brought to the center of 
the tube, and the adjustment tested and repeated until the two 
lines of collimation are parallel, w^hen the two bubbles are simul- 
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The Use of the Solar Transit. An ob 

solar transit involves four quantities as follows ; 

1. The time of day, that is to say, the hour-angle of the sun. 

2. The declination of the sun. 

3. The latitude of the place of ohservation. 

4. The direction of the meridian. 

Any three of these quantities being known, the fourth may fae 
determined by direct observation. The principal use of the solar 
transit is to determine a true meridian when the other three quan* 
tides are known. 

To Lay Out a True Meridian. Set up the transit over a stake; 
level the instrument carefully; and bring the lines of collimation 
of the telescopes, into the same vertical plane by the method pre- 
viously described. Take the declination of the sun as given in the 
N’autical Almanac for the given day, and correct it for refraction 
and hourly change. Revolve the transit telescope upon its hori- 
zontal axis so that the vertical circle will record this corrected dec- 
lination, turning it down if the declination is north, and elevating 
it if the declination is south. Now, without disturbing the posi- 
tion of the transit telescope, bring the solar telescope to a horizon- 
tal position by means of the attached level. It is evident that xhe 
angles between the lines of collimation will equal the corrected 
declination of the sun, and the inclination of the solar telescope 
to its polar axis will be equal to the polar distance of the sun. 

Next, without disturbing the relative positions of the two tele- 
scopes, set the vernier of the transit telescope to the co-latitude of 
the place, and clamp the horizontal axis. It is evident tiiat the 
transit telescope is parallel to the equator, and that the solar tele- 
scope is in a position to describe the path of the sun when the line 
of collimation of the is in the tr((e ^mn'id'an^ and unless 

the line of collimation is in the true meridian, the sun cannot be 
brought between the cross-hairs of the solar telescope. Therefore 
unclamp the vertical axis of the transit and the polar axis of the 
solar, and, maintaining the relative positions of the telescopes 
revolve the transit upon its vertical axis, and the solar upon its 
polar axis, until the sun is brought between the cross-hairs of the 
cnlnr fplpQpn-nA Now plamn thft vertical axis of the trausit and 
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The solar apparatus should uot be used between 11 a. m. and 
1 p. M. if the best results are desired. From 7 to 10 a. m. and 
from 2 to 6 p. m. in the summer will give the best results. The 
greater the hour-angle of the sun, the better the observation will 
be so far as instrumental errors are concerned. However, if the 
sun is too close to the horizon, the uncertainties in regard to refrac- 
tion will cause unknown errors of considerable magnitude. 

Olservation f^r Time. If the two telescopes — being in 
position, one in the meridian and the other pointing to the sun — 
are now revolved upon their horizontal axes (the vertical remaining 
undisturbed) until each is level, the angle upon the horizontal 
plate between their directions, as found by sighting on a distant 
object, will give the time from apparent noon, reliable to within a 
few seconds. 

To Determine the Latitude. Level the transit carefully, and 
point the telescope toward the south, setting off the declination of 
the sun upon the vertical circle, elevating the object end if the dec- 
lination is south, and depressing it if the declination is north. 
Bring the telescope of the solar into the same vertical plane with 
the transit telescope by the method previously described, level it 
carefully, and clamp it. The angle between the lines of collimation 
will then equal the declination of the sun. With the solar tele- 
scope, observe the sun a few minutes before its culmination, by 
moving the transit telescoj>e in altitude and azhmvth until the 
image ,of the sun is brought between the cross-hairs of the solar, 
keeping it there by means of the tangent- screws until the sun ceases 
to rise. Then take the reading of the vertical circle, correct for 
refraction due to altitude by the table below, subtract tlie result 
from 90°, and the remainder is the latitude sought. 





PHOTOGRAPHIC VIEW AND CONTOUR MAP IN YOSEMITE VALLEY, CALIFORNIA 

These two reproductions of the same area give a Kood idea of tlie two methods of showing 

topographical features 

Courtesy of the United States Geological Survey, Washington, D C 
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Mean Refraction at Various Altitudes.* 


Barometer, 30 inches. Fahrenheit Thermometer, 50°. 


Altitude. 

Refraction. 

Altitude. 1 

1 

Refraction. 

10 ^ 

5' 

19- 

20° 

2' 

39" 

11 

4 

51 

25 

2 

04 

12 

4 

27 

30 

1 

41 

13 

4 

07 

35 1 

1 

23 

14 

3 

49 

40 1 

1 

09 

15 

3 

34 

45 


58 

16 

3 - 

20 

50 


49 

17 

3 

08 

60 


34 

18 

2 

57 

70 


21 

19 

2 

48 

80 


10 


Preparation of the Declination Settings for a Day’s Work* 

The solar ephemeris gives the declination of the sun for the given 
day, for Greenwich mean noon. Since all points in America are 
west of Greenwich, by 4, 5, G, 7, or 8 hours, the declination found 
in the ephemeris is the declination at the given place at 8, 7, 6, 6, 
or 4 o’clock a. jvi. of the same date, according as the place lies in 
the ‘‘Colonial,'’ “Eastern/’ “Central," *• Jlountain,” or “ Pa- 
citic” time belts respectively. 

The columns headed “Refraction Corrections” (see table) 
give the correction to be made to the declination, for refraction 
for any point whose latitude is 40 . If the latitude is more or less 
than 40^, tliese corrections are to he multiplied by the correspond- 
ing coefKcic'iit given in the table of “ Latitude Coetiicieiits ” (page 
148). Thus the refraction correctic>ns in latitude 30“' are Go one- 
huiidredtlis, and thot'e of 50 143 one-hundredths of tlje correspond- 
ing ones ill latitude 40'. Tht*re is a slight eiror in tlu^ use of 
tlu'be latitude caxdiicieiits, l)Ut tiie inaximum error ^\ ill m't amount 
to over 15 seconds, except when the .-iin is veiy near tlio horizon, 
and then any refraction l^ecomes very uncertain. All refrac- 
tion tables are made out for the mean (or average) refraction 
wliereas the actual refraction at any ])articular time and jtlace ma^ 
he not more than one-half or as much as twice the nic.in refraction, 
wdth small altitudes. The errors made in the use of thc.^e latitude 
coefficients are therefore very small compared with the errors re- 


*This table, as well as those following, is taken from the catalogue of 
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suiting from the use of the mean, rather than unknown actual, 
refraction which affects any given observation. 


Latitude Coefficients. 


Li-T. 

COBFP. 

I1A.T. 

coarB. 

IiAT. 

coBrr. 

LAT. 

OOBFF. 

15° 

.30 

27° 

.56 

39° 

.96 

61° 

1.47 

16 

.32 

28 

.59 

40 

1.00 

52 

1.53 

17 

.34 

29 

.62 

41 

1.04 

53 

1.68 

18 

.36 

30 

.65 

42 

1.08 

54 

1.64 

19 

.38 

31 

.68 

43 

1.12 

55 

1.70 

20 

.40 

32 

.71 

44 

1.16 

56 

1.76 

21 

.42 

33 

.75 

45 

1.20 

57 

1.82 

22 

.44 

34 

.78 

46 

1.24 

58 

1.88 

23 

.46 

35 

.82 

47 

1.29 

59 

1.94 

2i 

.48 

36 

.85 

48 

1.33 

60 

2.00 

25 

.50 

37 

.89 

49 

1.38 



26 

.53 

38 

.92 

50 

1.42 




If the date of observation be between June 20 and September 
20, the declination is positive and the hourly change negative; 
while if it be between December 20 and March 20, the declination 
is negative and the hourly change positive. The refraction cor- 
rection is always positive; that is, it always increases numerically 
the north declination, and diminishes numerically the south dec- 
lination. The hourly refraction corrections given in the ephem- 
eria are exact each for the middle day of the five-day period, cor- 
responding to that of hourly corrections. For the extreme days 
of any such period, an interpolation can be made between the 
adjacent hourly corrections, if desired. 

By using standard time instead of local time, a slight error 
is made, but the maximum value of this error is found at those 
points when the standard time differs from the local time by one- 
half hour, and in the spring and fall when the declination is chang- 
ing rapidly. The greatest error then, is less than 30 seconds, and 
this is smaller than can be set off on the vertical circle or declina- 
tion arc. Even this error can he avoided by using the true dif- 
ference of time from Greenwich in place of standard meridian 
time. 

EXAMPLES FOR PRACTICE. 

(1) Let it be required to prepare a table of declination for 
June 10, 1904, for a point whose latitude is 40” 20' , and which 

l"! mn C£ 1. 
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Since the time is 6 hours earlier than that at Greenwich, the 
declination given in the ephemeris is the declination at the given 
place at 6 a. of the same date. This is found to be 23° 0' 18". 
To this must be added the hourly change which is also plus and 
equal to 11.67". The latitude coefficient is 1.013. The following 
table may now be made out. 


HOUR 

DECLINATION 

REF COR 

6 ETTI NG 1 

HOUR 

DECLINATION 

REF. COR 

SETTING 

7 

_ 

h 23° O' 30" 

_ 

t- r 10 " 

23° V 40*1 

1 i 

23° V 41" 

18" 

23° 1' 69" 

8 

- 

- 23° 0' 41" 

- 

- 44" 

23° 1' 25" 

2 ' 

23° 1' 52" 

22" 

23° 2' 14" 

9 

- 

- 23° 0' 53" 

- 

- 29" 

23° 1' 22" 

3 

23° 2' 04" 

29" 

23° 2' 33" 

10 

- 

h23°l' 6" 

- 

- 22" 

23“ 1' 27" 

4 

23° 2 ' 16" 

44" 

23° 3' 0" 

11 

- 

- 23° 1' 17" 

- 

- 18" 

[23° 1' 35" 

5 

23° 2' 28" 

1' 10" 

23° 3' 38" 


PROBLEMS INVOLVING USE OF TRANSIT. 


Perpendiculars and Parallels. To erect a pet jpendicular to 
a line at a given jooint of the line. Set up the transit over the 
given point, and with the verniers set to 0'^, direct the line of 
sight along the given line. Clamp the lower motion, unclamp the 
upper motion, and turn off an angle of 90^ in the proper direction 
for the required line. 

To erect a perjoendicular to an maccessible line at a given 
point of the line. Let AB, Fig. 101, be the given inaccessible 
line, and A the point of the line at which it is proposed to erect 
the perpendicular AD. Select 
some point II from which can be 
distinctly seen the points A and 
1> of the inaccessible line. Set up 
the transit at the point II, and 
measure theano-le AIIB. Also 
from the point II run out and lui. 

measure a line of any convenient 

length, and in such a direction that the points A and L can be 
seen from its extremity, as E. Now measure the angles AHE 
and BIIE. Now set uj) the transit at E, and measure the angles 
BEIT, BEA, and AKII. In the triangle AIIE, we know 
from measurement the length of tlie side HE, as also tlie angles 
AHE and AETI, from which may be calculated the length of 
the side AH, which is also one side of the triangle AIIB. From 
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Refraction Correction. 

Latitude, 40°. 


January. I 

February. I 


March, I 


April. 1 


May. 

1 June. 



f tt 



t ft 



t It 



I It 



f It 



r tf 

1 

Ih. 

, 1 58 

1 



1 

Ih. 

1 03 

1 

8h. 

, 0 57 

1 

Ih. 

0 28 

1, 

5h. 

111 


2 

9! 10 

2 




2 

1 10 

2 

4 

1 19 


2 

0 32 

2 



2 

s 

3 04 





3 

1 27 

3 

5 

2 18 

2 

3 

0 39 

3 

1 

0 19 

3 

4 

4 

6 23 

1 54 

3 

Ih. 

1 26 

3 

4 

4 

5 

2 06 

4 39 

4 

5 

1 

2 

0 39 

0 44 

3 

4 

5 

0 55 

1 30 

4 

5 

2 

3 

0 23 
0 30 

5 


4 

2 

1 37 

5 

1 

0 59 

6 

3 

0 54 

1 4 

1 

0 26 

6 

4 

0 43 

0 

2 

2 11 

5 

3 

2^ 

6 

2 

1 06 

7 

4 

1 14 

5 

2 

0 SO 

7 

5 

1 10 

7 

8 

9 

10 

11 

12 

13 

3 

4 

1 

2 

3 

4 

2 59 

6 01 

1 51 

2 07 

2 51 

5 40 

6 

7 

8 

9 

10 

11 

12 

4 

1 

2 

3 

4 

S 21 

1 21 

1 31 

1 56 

3 04 

7 

8 

9 

10 

11 

12 

13 

3 

4 

5 

1 

2 

3 

4 

1 21 

1 56 

4 04 

0 55 

1 02 

1 15 

1 

8 

9 

10 

11 

12 

13 

14 

5 

1 

2 

3 

4 

5 

1 

2 08 

0 36 

0 41 

0 51 

1 10 

1 58 

0 34 

6 

7 

8 

9 

10 

11 

12 

13 

3 

4 

5 

1 

2 

3 

4 

5 

0 87 

0 53 

1 26 

0 25 

0 29 

0 36 

0 51 

1 22 

i 8 

9 

10 
' 11 

12 

13 

14 

1 

2 

3 

4 

5 

1 

2 

0 18 
0 22 
0 29 

0 43 

1 09 

0 18 
0 22 

14 

1 

1 46 

13 

1 

1 16 

14 

5 

3 34 

15 

2 

0 38 

14 

1 

0 23 

15 

3 

0 29 

15 


14 

2 

1 25 

15 

1 

0 52 

16 

3 

0 48 

15 

2 

0 27 

16 

4 

0 42 

16 

2 

2 01 

15 

3 

1 48 

16 

2 

0 58 

17 

4 

1 06 

16 

3 

0 34 

17 

5 

1 08 

17 

18 

19 

20 
21 
22 
23 

3 

4 

1 

2 

3 

4 

2 40 

5 00 

1 42 

1 56 

2 31 

4 35 

16 

17 

18 

19 

20 
21 
22 

4 

5 

1 

1 

3 

4 

5 

2 47 

8 39 

1 12 

1 20 

1 40 

2 31 

6 49 

17 

18 

19 

20 
31 
22 
23 

3 

4 

5 

1 

2 

3 

4 

1 10 

1 39 

3 08 

0 48 

0 54 

1 05 

1 32 

18 

19 

20 
21 
22 

1 23 

1 24 

5 

1 

2 

3 

4 

5 

1 

1 49 

0 32 

0 36 

0 45. 

1 02 

1 42 

0 30 

17 

18 

19 

20 
21 
22 

23 

24 

4 

5 

1 

2 

3 

4 

5 

1 

0 49 

1 18 

0 22 

0 26 

0 S3 

0 47 

1 15 

0 21 

18 

19 

20 
21 
22 

23 

24 

1 

2 

3 

4 

5 

1 

2 

0 18 
0 22 
0 28 
042 

1 08 

0 18 
0 22 

24 

1 

1 37 

23 

1 

1 07 

24 



25 

2 

0 34 

25 

2 

0 23 

2.5 

3 

0 29 

25 



24 

2 

1 lb 

25 

1 

0 45 

26 

8 

0 42 

26 
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mentj as well as the angles BHE and BEH, from which we 
can calculate the length of the side BH, which is also one side of 
the triangle ATIB. Therefore in the triangle AHB, we have 
the lengths of the two sides AH and BH by calculation; and the 
angle AHB by measurement. We can therefore calculate 
the angle H AB, which equals the angle AHD. Set up the transit 
at H, sight to A, and turn off the angle AIID (= HAB), 
measuring off HD of a length equal to AH cos AHD. Then 
AD will be the perpendicular required, and its length will equal 
AH sin AHD. 

The calculation is as follows: In the triangle AHE, the angle 
HAE = 180° - (AHE + AEH), and therefore AH : HE : : sin 

AEH : sin HAE; or, AH = HE 

Bin HAE 

In the triangle HEB, HBE = 180° - (BHE + BEH), and 
therefore HB : HE : : sin HEB : sin HBE; 

or HE = HE 

Sin HBE 

In the triangle AHB, the sum of the angles HAB and II BA 
= 180° — AIIB. Let a? represent the difference of the angles II AB 
and IIBA. Then, from trigonometry. 

All + IIB : AII-IIB :: tan i (ABA-f-HAB) : tan ^ (ABII- 
IIABj; 

or, AH + IIB : All - HB :: tan -1 (IsO' - AHB) : tan \ 
or, AH + HB : AH - IIB cot : tan ^ 

From this last proportion vre find ,c, the ditference of tho two angles 
HAB and IIBA. Wo then have the simultaneous equations; 

HAB iniA = <?(^ay) 

IIAB - 11 1! A ^ ,7 (say) 

Therefore HAB ^ and IIBA .. -A—. 


KX AMPLE FOR PRACTICE 

(liven HE 101) I'^o feet; AHE ^ I’J:!'; AHB -- 04^; 
BHE:=28"; BKll 121 ; BEA = Fo ; AEII = 41 . It is recpiired 

to find the angle AHD, the length of III), and the length of AD 
Aus. AHD= 50“52'2.j"; HD -=220.41) feet; AD = 101.30 feet 
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To let fall a perpendicular to a line from a given point. 
Let AB, Fig, 102, be the given line, and 0 the point. Set np the 
transit at some point A of the given line, and measure the angle 
BAG. Take the instrument to 0, sight to A and turn off an angle 
AOB = 90° - BAG. The instrument will then sight in the direc- 
tion of the required perpendicular GB. 

To let fall a perpendicular to a line from an inaccessible 
point. Let BO, Fig. 103, be the given line and A the inaccessible 
point from which it is desired to let fall the perpendicular upon 
BO. Set up the instrument, as at B; and, after measuring the 



Pig. 102. 


Pig. 103. 


length of BC, measure the angle ABO. Take the instrument 
0, and measure the angle ACB. Then in the triangle ABC, 
AB : BG : : sin ACB : sin (ACB + ABC); 


or, 


and, 


BC 


AB 
BD 
BD = B(^ 


sin ACB 


sin (AC:B"+ ABC)’ 
AB cos ABC; 

tan ACB 

tan ACB + tan ABC 


to 


EXAnPLE FOR PRACTICE. 

(iiven BC (Fig. 103) 250 feet; AB(^ == OS^irV; ACB = 

55 40'. Calculate the length of BD, and the length of AD. 

JBD- 10(;.2 feet. 

'■ \A1) = 21().7 feet. 

To let fall a perpendicular to an inaccessible line from a 
given point outside of the line. Let AB, Fig. 104, be the inacces- 
sible line, and C the point from which it is desired to let fall the 
perpendicular to AB. Through C run out and measure a line 
of any convenient length, as CD, and measure the angles ACB 
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DOB, and DC A. Set np the instnunent at D, and measnre the 
angles ADC and BDC. In the triangle BDC, we have given two 
angles and the included side, from which can be calculated the 
length of the side CB, In the triangle ADC, we have given two 
angles and the included side, from which can be calciated the 
length of the side AC. Then, in the triangle ACB, we have 
the lengths of the sides AC and CB, and the included angle 
ACB, from which can be calculated the angle CAB. If, then, the 
instrument be set up at C, and an angle ACE be turned off equal 
to 90° — B AC, the line of sight 
will point in the direction of the 
required perpendicular, and the 
length of the perpendicular will 
be given by AO cos ACE. 

This same method will serve 
to trace a line through a given 
point parallel to an inaccessi- Fig. 104. 

hie line. For if, with the instru- 
ment at C, an angle ACA' be turned oS equal to CAB, the 
line h! B' will be parallel to AB. 

Obstacles to Alignment. By Perpendiculars: TThen a tree, 
house, or other obstacle obstructing the line of sight (see Fig. 105) 
is encountered, set up the transit at the point B, turn off a right 
angle, and measure the length of the line BC. Erect a second 
perpendicular CD at C, and measure its length. At D erect a 
tliird perpendicular DE, making DE = BC. Then the fourth 
perpendicular EF will be in the direction of the required line. 
The distance from B to E will be giren by CD. If perpendic- 
ulars cannot be conveniently set off’, let BC and DE make any 
equal angle with the line AB, so that CD will be parallel to it. 

By an Pgailati'ral Triangh . At B turn off from the direc- 
tion of AB produced, an angle of fiO’ in the direction of BC (see 
Fig. 100), and make BC any convenient length sufficient to clear 
the obstacle. Set up the instrument at C and turn off an angle of 
00'^ from BC to CD and make CD of a length equal to BC 
Finally at D turn off a third angle of GO' from ('D to DB, and 
the line DE will be in tlie direction of AB produced. The dis- 
tance BD will equal BC or CD. 
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AC, and the correct line AB can be run out and measured in 
the proper direction. 

By Latitudes and Departures. 'When a single line such as 
AC cannot be run so as to come opposite the given point B (Fig. 
109), a series of zigzag lines (as AO, CD, DE, EF, and FB) can 
be run in any convenient direction, so as at last to arrive at the 
desired point B. Any one of 
these lines (as, for instance, AG) 
may be taken as a meridian to 
which all of the others may be 
referred, and their bearings there- 
from deduced. Calculate the ^ 
total latitudes and departures of Fig. 109. 

these lines, as AX and BX; then 

the bearing of the required line BA with respect to AC will be 

BX 
AX' 

By Tviancjulation. When obstacles prevent the use of 
either of the preceding methods, if a point 0 can be found from 
which A and B are accessible (see Fig. 110), measure the dis- 
tances CA and CB, and the anomie ACB, from which can be calcii- 

1 O’ 

lated the leiig-th of the side AC and the anofle CAB. Xow 

measure the angle ACD to some 
point 1) beyond the obstacle; 
then, in the triangle AC' I), we 
have two angles and the included 
side, from which may be calcu- 
lated the length of the !-ide CD. 

110 ^Measure the distance CD in the 

proper direction, set iij) the trail ^ 
sit at D, and turn off an angle CDB eipial to the sujiplenieiit of 
ADO, for the direction of the required line. 

The distance from A to D may ah^o be calculated from the 
triangle ACD, the stake at I) given its ])roper number, and the 
line continued. If the distances CA and C'B cannot be meas- 
ured, it will be necessary to measure a base-line through (', from 
the extremities of which the angles to A and B can be measuied 



given by Tan. BAG = 



J L^ 


j j : 
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The following problem, as illustrated in Fig. Ill, is of fre- 
quent occurrence in line surveys. The line AB of the survey 
having been brought up to one side of a stream, it is desired to 
continue the line of the survey across the stream to the point C, 
the latter point being visible from B and accessible. It is required 
to find the length of the line BO, that the stake at 0 may be given 
its proper number, and the survey continued from that point. 
With the transit at B, turn off the required angle to locate the 
point C, and drive a stake at that point. If possible, defiect from 
BC a right angle to some point E, and measure the length of BE. 
Take the transit to E, and measure the angle BEG. The dis- 
tance BC is therefore: 


BC = BE tan BEG. 

If it is not possible to turn off a right angle at B, then through 
B run a line (as BE') in any convenient direction, and measure 
its length; measure also the angles E'BC and BE'C. In the 
triangle CBE', there are then given two angles and the included 

side, from which the side BC can 
be calculated. Should it be nec- 
essary to take soundings at cer- 
D tain intervals (as, say, 50 or 100 
feet across the stream), then in 
the triangle BE X there are given 
the distance BX, the distance 
E'X, and the angle XBE', from 
which can be calculated the angle BEX. ^Vith the transit at E', 
turn off from BE' the angle BE'X. Now, starting a boat from 
the shore, direct it in line from B to C until it comes upon the 
line of sight of the transit from & to X. At that point take 
soundings, and similarly for the point X', etc. If the point C is 
not visible from B, find some point, as E (see Fig. 112), from which 
B and C are visible, and measure the angle BEG and the distance 
Find a second point, as I, from which E and G are visible, 
and measure the angles CEF and EFC and the distance EF. Then,' 
in the triangle ECF, there are given two angles and the included 
side, from whicli can be calculated the distance EG. In the tri- 
angle BCE, then, there are given two sides and the included 



Fig. 111. 
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angle, and from these the third side BO and the angle EBC can 
be found. The stake 0 can now be numbered, and the bearing of 
BO deduced. 

EXAMPLES FOR PRACTICE. 

1. In Fig. Ill, given BE' = 210 feet; angle CBE' = 110° 
16'; angle BE'C = 34°20'; stake B numbered 8 + 64. It is 
required to find the number of the stake C. 

2. (a) In Fig. 112, given 
EF = 260 feet; BE = 128 feet; 
angle EFC = 46° 40'; angle CEF 
= 103° 30'; angle EEC = 39° 10'. 

If the stake at B is numbered 12 
+ 20, it is required to find the 
number of the stake at C. 

(5) If the bearing of the line Pig. 112 . 

AB is S 75°E, and the deflection 

angle of BE from AB is 104° to the rights find the bearing of BC. 

To Supply Oniissions. Any two omissions in a closed sur- 
vey — whether of the direction or of the length, or of both, of one 
or more lines of the survey — can always be supplied by the 

application of the principle of lati- 
tude and departures, although this 
method should be resorted to only 
in cases of absolute necessity, 
since any omission renders the 
checking of the field work im- 
possible. In the following para- 
graphs, the methods outlined will 
apply eijually whether the survey 
has been made with the transit 
or with the compass. 

Cask 1. W/f e7i the length 
and hearing of any one side are 
wanting. In Fig. 113, let the 
dotted line FG represent the 
course whose length and bearing 
are wanting-. Calculate the latitudes and deoartures of the remain- 
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ing courses; and since in a closed survey the algebraic sunn of the 
latitudes and departures should equal zero, therefore the difference 
of the latitudes will be the latitude of the missing line, and the 
difference of the longitudes will be the required longitude. The 

latitude and longitude of the line, 
form the sides of a right triangle, 
from which we have : 

Tangent of Bearing = 

The required length will be given 
^ ^ Latitude 
^ ~ Cos Bearing' 

Case 2. When the length of 
one side and the hearing of an- 
other are wanting, 

(a) When the deficient 

SIDES ADJOIN EACH OTHER. In Fig. 

114, let the bearing of DE, and 

the length of FE, be lacking. 

Draw DF. From the preceding 
proposition we can calculate the 
bearing and length of DF, as 
though DE and EF did not exist. 

Then, in the triangle DFE, we 
have given the lengths DF and 
DE and the angle DEF, from 
which can be calculated the angle 
FDE and the length EF. 

if) When the deficient 

SIDES ARK SEPAIiATEl) FROM EACH 

OTHER. In Fig. 115 let ABODE 
FGA represent a seven-sided 
field, in which the length of CD, 
and the bearing of FG, are want- 
ing. Draw DB', B'A', AXF, of 
the same lengths, and parallel 
respectively to CB, BA, and AG. 



"iE: 


Fig. 115. 


Connect G' with GE and F. 


Then, in the figure DB'A'G'E, there are given the lengths and 
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bearings of all of the courses but G'E. The length and bearing of 
the last course can be calculated by the principles of Case 1. Then, 
in the triangle EFG', there are given the lengths and bearings of 
EF and EG', from which can be calculated the length and bearing 
of FG'. Therefore, in the triangle GFG', since GG' is equal in 
length and parallel to CD, there are given the lengths of GF and 
FG', and the beariiigs of GG' and FG', from which can be cal- 
culated the length of GG' and the bearing of GF. 

Case 3. When the lengths of two sides are wanting, 

{^a) When the deficient sides adjoin each other. In the 
seven-sided Fig. 116, let the lengths of DE and EF be wanting. 
Calculate the length and bearing of DF by the principles of Case 1. 
Then, in the triangle EDF, there 
are given the angles at D and F, 
and the length of DF, from which 
can be calculated the lengths of 
DE and EF. 

(7>) When the deficient 
SIDES ARE separated FROM EACH 
OTHER. In Fig. 115, let the 
lengths of CD and GF be want- 
ing. As before, having calculated 
the leno;th and bearing of FG', 
in the triangle FGG', the angle at 
G can be calculated from the bear- 
ings of FG and GG'; the angle at 
G' from the bearings of GG'and FG'; and the angle at F from the 
bearings of FG and FG'. There are given then the three angles 
of the triangle, and the length of one side, from which can be 
calculated the lengths of the other sides. 

Case 4. When the hearings of tiro sides are wanting. 

When the deficient sides adjoin each other. In Fig. 
IIG, find the length and bearing of DF as before. Then, in the 
triangle DEF, there are given the lengths of the three sides, from 
which can be calculated the required angles. 

(5) When the deficient sides are separated from each 
OTHER. In Fig. 115, let the bearings of CD and GF be wanting. 

nolnnlofo Qnri KoQrinfT siQ hftfnrp Tlipn in thft 
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triangle EGG', there are three sides known, from which can be cal- 
culated the three angles, and therefore the bearings can be deduced. 

UNITED STATES PUBLIC LAND SURVEYS. 

The first surveys of the public lands of the United States were 
carried out in Ohio, under an act of Congress approved May 20th, 
1786. This act provided for townships 6 miles square, containing 
36 sections of 1 mile square. The townships 6 miles square, were 
laid out in ranges, extending northward from the Ohio Eiver, the 
townships being numbered from south to north, and the ranges 
from east to west. The territory embraced in these early surveys 
forms a part of the present state of Ohio and is known as “ The 
Seven Kanges.” The sections were numbered from 1 to 86 com- 
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mencing with No. 1 in the southea.^t corner of the township, and 
running from south to north in each tier, to No. 36 in the north- 
west corner of the townships as shown in Fig. 117. 

A subsequent act of Congress, approved May ISth, 1796, pro- 
vided for the appointment of a surveyor general, and directed the 
survey of the lands northwest of the Ohio liiver, and above the 
mouth of the Kentucky River. This act provided that the sec- 
tions shall be numbered respectively, beginning wdth tlie niimlier 
one in the northeast section, and proceeding west and east alter- 
nately, through the township, with progressive numbers till the 
thirty-sixth be completed.” This method is shown in Fig. 118 
and is still in use. 

An act of Congress, approved Feb. 11th 1805, directs the sub- 

diX7"iflinn nf fbft ■nnlilir* lonHa rmQrf«T» onrl ■r\wvTTirJoo 
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all the corners marked in the public surveys shall be established 
as the proper corners of sections, or subdivisions of sections, which 
they were intended to designate, and that corners of half and 
quarter sections not marked shall be placed, as nearly as possible, 
“ equidistant from those two corners which stand on the same line.” 
This act further provides that the boundary lines actually run 
and marked * ^ ^ shall be established as the proper bound- 

ary lines of the sections or subdivisions for which they were 
intended; and the length of such lines as returned by * * * 

the surveyors * * shall be held and considered as the 

true length thereof ” . . . . 

An act of Congress, approved April 24th, 1820, provides for 
the sale of public lands in half-quarter sections, and requires that 
in every case of the division of a quarter section the line for the 
division thereof shall run north and south. An act of Congress, 
approved April 6th, 1832, directed the subdivision of the public 
lands into quarter -quarter-sections and that in every case of the 
division of a half-quarter section, the dividing line should run 
east and west; and that fractional sections should be subdivided 
under rules and regulations prescribed by the Secretary of the 
Treasury. 

By an act of Congress, approved March 3rd, 1849, the Depart- 
ment of the Interior was created, and the act provided That the 
Secretary of the Interior shall perform all the duties in relation to 
the General Land Office, of supervision and appeal now discharged 
by the Secretary of the Treasury. * ” By this act the 

General Land Office was transferred to the Department of the 
Interior wffiere it still remains. 

The division of the public lands is effected by means of merid- 
ian lines and parallels of latitudes established six miles apart. 
The squares thus formed are called Toin'tships^ and contain 36 
square miles, or 23,040 acres as nearly as may be. ” All of the 
townships situated north or south of each other, form ^ Range and 
are named by their number east or west of the principal meridian. 
Thus, the first range west of the meridian would be designated as 
Range 1 West (R 1. W.). Each tier of townships is named by 
its number north or south of the base line, as Township 2 North 
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Existing laws further require that each township shall be 
divided into thirty-six sections, by two sets of parallel lines, one 
governed by true meridians and the other by parallels of latitude, 
the latter intersecting the former at right angles, at intervals of 
one mile ; and each of these sections must contain, as nearly as 
possible, six hundred and forty acres. These requirements are 
evidently inconsistent because of the convergency of the meridians, 
and the discrepancies will be greater as the latitude increases. 

In view of these facts, it was provided in section 3 of the act 
of Congress approved May 10th, 1800, that “ in all cases where the 
exterior lines of the townships, thus to be subdivided into sections 
and half-sections, shall exceed, or shall not extend six miles, the 
excess or deficiency shall be specially noted, and added to or 
deducted from the western or northern ranges of sections or half- 
sections in such township, according as the error may be in running 
lines from east to west, or from south to north ; the sections and 
half-sections bounded on the northern and western lines of such 
townships shall be sold as containing only the quantity expressed 
in the returns and plots, respectively, and all others as containing 
the complete legal quantity.” 

To harmonize these various requirements as fully as possible, 
the following methods have been adopted by the general land office. 

Initial points are first establis bed astronomically under special 
instructions, and from this initial point a ‘^principal meridian ” is 
laid out north and south. Through this initial point a “ base 
line” is laid out as a parallel of latitude running east and west. 
On the principal meridian and base lines, the half-mile, mile and 
six-mile corners are permanently located, and in addition, the 
meander corners at the intersection of the line with all streams, 
lakes or bayous prescribed to be meandered. These lines may be 
run with solar instruments, but their correctness should be checked 
by observations with the transit upon Polaris at elongation. 

Standard parallels, also called correction lines, are run east 
and west from the principal meridian at intervals of twenty-four 
miles north and south of the base line, and the law provides that 
where standard parallels have been placed at intervals of thirty 
or thirty-six miles, regardless of existing instructions, and where 
srross irre0*ularities renuire additional fita.Tidarrl linea fmTYi whiph fn 
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initiate new, or upon which to close old surveys, an intermediate 
correction line should be established to which a local name may be 
given: and the same will be run, in all respects, like the regular 
standard parallels.” 

Guide meridians are extended north from the base line, or 
sta'^.dard parallels, at intervals of twenty- four miles east and west 
of the principal meridian. 

When conditions are such as to require the guide meridians 
to run south from a standard parallel or a correction line, they are 
initiated at properly established closing corners of the given paral- 
lel. That is to say, they are begun from the point on the parallel 
at which they would have met it if they had been run north from 
the next southern parallel. This point is obtained from computa- 
tion, and is less than twenty-four miles from the next eastern or 
western meridian by the convergence of the meridians in twenty- 
four miles. 

In case guide meridians have been improperly located too far 
apart, auxiliary meridians may be run from standard corners, and 
these may be designated by a local name. 

The angular convergence of two meridians is given by the 
equation 

^ = m sin L (1) 

where m is the angular difference in longitude of the meridians, 
and L is the mean latitude of the north and south length under 
consideration. 

The linear convergence in a given length I is 
r — / sin 0 

The radius of a pamUd at any latitude L is given by the 
equation 

r = Rc()sL (3) 

where R is the mean radius of curvature of the earth. 

The distance between meridians is usually given in miles and 
this must be reduced to degrees. To do this it is first necessary to 
find the linear value of one degree of longitude at the mean latitude 
from the proportion. 


: 360 '' \ \ X \ 27rr 


( 4 ) 
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Equation (4) will give results sufficiently accurate, although 
in strict accuracy E should be the radius of curvature at the mean 
latitude. 

For full details of public-land surveying, see “Manual of 
Surveying Instructions for the Survey of the Public Lands of the 
United States,” issued by the Commissioner of the General 
Land Office. These “ Instructions ” are prepared for the direction 
of those engaged on the public land surveys, and new editions are 
issued from time to time. 

Much of the foregoing in very condensed form is taken from 
the edition of 1894. 

The following table gives the convergency both in angular 
units and linear units for township 6 miles square, between lati- 
tudes 30° and 70° north. 

Let it be required to find from the table the linear converg- 
ence for a township situated in latitude 38° 29' north. 

Looking in the table opposite 39° we find the linear con. 
vergence. 

For 39° = 58.8 links 

For 38° = 56.8 links 

Difference for 1° = 2.0 links 

Difference for 1' = 2.0 60 = .0333 links 

Difference for 29'= .0333 X 29 = .97 links 

Therefore total convergence for latitude 38° 29' = 56.8 -b 
0.97 links = 57.77 links. 
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BASE riEASUREriENT. 

It is not intended in what follows to go into the details of the 
measurement of a base for an extended system of triangulation, as 
that properly belongs to Geodetic Surveying. Some description 
of base measuring apparatus will be given, with illustrations of 
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various devices, and special attention will be given to the use of 
the tape in the accurate measurement of lines such as occur in usual 
field operations of Plane Surveying. 

Much of what follows is from the excellent treatise on Topo- 
graphic Surveying by Herbert M. Wilson. 

A trigonometric survey is usually carried over a country where 
the direct measurement of distances is imfiracticable, and since the 
calculations of these distances proceeds from the direct measure- 
ment of the base-line, this base line should be so located as to 
permit of its length being determined with any degree of accuracy 
consistent with the nature of the work involved. 

To attain the desired results, the site should be reasonably 
level and afford room for a base of proper length so that its ends 
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primary triangulation best-eonditionod figurss possiblo. 

Other things being equal, that site is best that includes solid 
ground; both for permanency of monuments and facility and 
accuracy of measurement. 

Base Apparatus. In early days, base-lines were measured by 
means of wooden rods, yarnished and tipped with metal. The rods ^ 
were supported in trestles, the contacts between the ends being 
made with great care. Later, compensated/ rods were employed, as 
for instance the Contact-Slide Apparatus of the U. S. Coast Survey 
and the Eepsold primary base bars of the TJ. S. Lake Survey, see 
Fig. 119, resulting in greater accuracy in the measurement of base 
lines. The use of the iced lar (see Fig. 120) by the U. S. Coast 
Survey, represents the highest development of base-measuring 
apparatus. 



Fig. 119. 

Within recent years the steel tape has become popular as the 
accuracy attainable with its use has become more fully appreciated. 

Errors in Base fleasurement. The following are the chief 
sources of error \\\ base measurement: 

1. Changes of temperature ; 

2. Difficulties of making contact ; 

3. Variations of the bars or tape from the standards. 

The refinements of ineasureinent consist especially in — 

a. Standardizing the measuring apparatus, or its comparison with a 
standard of lengtn. 

h. Determination of temperature, or its neutralization by the use of 
compensating bars. 

c. Means adopted for reducing the number of contacts to the fewest 
possible, and of making these with the greatest degree of precision. 
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The inherent difficulties of meacnrement with lars of any 
kind are : 

1. Necessity of measuring short bases because of the number of times 
which the bar must be moved. 

2. Expense, as a considerable number of men are required. 

3. Slowness, the measurement often occupying from a month to six 
weeks. 

The advantages of measurement made with a steel tape are : 

1. Great reduction in the number of contacts, as the tapes are about 
three hundred feet long as compared with bars of about twelve feet. 

2. Comparatively small cost because of the few persons required. 

3. Shortness of the time employed, an hour to a mile being an ordinary 
record in actual measurement 

4. Errors in trigonometric expansion may be reduced by increasing the 
length of the base from 5 miles, the average length of a bar-measured base, 
to 8 miles, not an uncommon length for tape-measured bases. 



Pig. 120. 

Steel tapes offer a means of measuring base lines which is 
superior to that obtained by measuring bars, because they combine 
tile advantages of great length and simplicity of manipulation, 
whh the precision of the shorter laboratory standards, providing 
only that means be perfected for eliminating the errors of tem- 
perature and of sag in the tape. Base lines can be so conveniently 
and rapidly measured with long steel tapes as to permit of their 
being made of greater length than has been the practice with lines 
measured by bars, and as a result, still greater errors may be 
introduced in tane-measured bases and vet not affect the ultimate 
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©xpansion any nior© tliSLii will tlie errors in the latter, because of 
the greater length of the base. 

The tapes used for this work are of steel, either 300 feet or 
100 meters in length. The tapes used by the Coast Survey are 
101.01 meters in length, 6.34 millimeters by 0.47 millimeters in 
cross-section, and weigh 22.3 grams per meter of length. , They are 

subdivided into 20 meter spaces 
by graduations ruled on the sur- 
face of the tape, and their ends 
terminate in loops obtained 
either by turning back and an- 
nealing the tape on itself, or by 
fastening them into brass hand- 
les. When not in use, the tapes 
are rolled on reels for easy trans- 
portation. 

The steel tapes used by the 
Geological Survey are similar to 
those used by the Coast Survey, 
excepting in their length, which 
is a little over 800 feet. They 
are graduated for 300 feet and 
are subdivided every lU feet, the 
last 5 feet of which at either end 
is subdivided to feet and tenths. 
The various instrument-makers now carry such tapes in stock, 
wound on hand-reels. All tapes must be standardized before and 
after use, by comparison with laboratory standards, and, if possible, 
thereafter frequently in the field by means of an iced- bar apparatus. 

In measuring with steel tapes, a uniform tension must be 
applied. In order to get a uniform tension of 20 to 25 pounds, 
some form of stretcher should be used. That used by the U.S. 
Coast Survey consists of a base of brass or wood, 2 or 3 feet 
in length by a foot in width, upon which is an upright metallic 
standard, and to this is attached by a universal joint, an ordinary 
spring-balance, to which the handle of the tape is fastened. See 
Fig. 121. The upright standard is hinged at its junction with 
the base, so that when the tape is being stretched, the tapemair 





170 


PLANE SURVEYING 


can put the proper tension on it by taking bold of the upper end 
of the upright standard and using it as a lever, and by pulling it 
back toward himself he is enabled to use a delicate leverage on the 
balance and attain the proper pull. 

The tTie'nnometers used are ordinary glass thermometers, 
around the bubbles of which should be coiled thin annealed steel 
wire, so that by passing them in the air adjacent to the tape, a 
texnporature corresponding to that of the tape can be obtained. 
Experience with such thermometers shows that they closely fol- 
low the temperature of the steel tape. For 
« the best results^ two thermometers should 

I be used, each at about one-fourth of the 

I distance from the extremities of the tape. 

The stretching device used by the U. S. 

// Geological Survey is much simpler and 

/ / more quickly manipulated than that of the 

Hgj -I Coast Survey. The chief object to be at- 

: =: " =3 tained in tension is steadiness and uni- 
Fig. 123. formity of tension; the simplest device 

which will attain this end is naturally the 
best. Two general forms of such devices are employed by the U. S. 
Geological Survey, one for the measurement of base lines along 
railways, where the surface of the ties or the roadbed furnishes 
support for the tape, and the device must therefore be of such 
kind as to permit of the ends being brought close to the surface; 
the other is employed in measurements made over rough ground, 
where the tape may frequently be raised to considerable heights 
above the surface and be supported upon pegs. 

Tlie stretcher used by the Geological Survey for measuring 
on railways is illustrated in Fig. 122, and was devised by Mr. II 
L. Baldwin. It consists of an ordinary spring-balance attached to 
the forward end of the tape, where a tension of twenty pounds is 
applied, the rear end of the tape being caught over a hook which 
is held steadily by a long screw with a wing-nut, by which the 
zero of the tape may be exactly adjusted over the mark scratched 
on the zinc plate. The spring-balance is held by a wire running 
over a wheel, which latter is w^orked by a lever and held by 
ratchets in any desired position, so that by turning the wheel, a 
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uniform strain is placed on tlie spring-balance, which is held at 
the desired tension by the ratchets. 

The tape- stretcher used by the Uo S. Geological Survey oS 
railways consists of a board about 6 feet long, to the forward end 
of which is attached by a strong hinge, a wooden lever about 5 
feet in length, through the larger portion of the length of which 
is a slot. See Fig. 123. Through the slot is a bolt with wing- 
nut, which can be raised or lowered to an elevation corresponding 
with the top of the hub over which measurement is being made; 
hung from the bolt is the spring- balance, to which the forward 
tapeman gives the proper tension by a direct pull on the lever, 
the weight of the lever and the friction in the hinge being such as 
to make it possible to bring about a uniform tension without dif- 
ficulty. The zero on the rear end of the tape is adjusted over the 
contact mark on the zinc by means of a similar lever with hook- 
bolt and wing-nut, but without the use of spring-balance. 

Laying out the Base. The most laborious operation in base 
measurement is its preliminary preparation, which consists of: 

1. Aligning with transit or theodolite; 

2. Careful preliminary measurement for the placing of stakes on rough 

ground; 

3. Placing of zinc marking-strips on the stakes. 

Base lines measured with steel tapes across country are aligned 
with transit or theodolite, and are laid out by driving large hubs 
of 3 X n scantling into the ground, the tops of the same project- 
ing to such a height as will permit a tape-length to swing free of 
obstructions. These large hubs are placed by careful preliminary 
measurement at exact tape-lengths apart, and between them as sup- 
ports, long stakes are driven at least every 50 feet. Into the sides 
of these near their tops are driven horizontally, long nails, which 
are placed at the same level by eye, by sighting from one terminal 
hub to the next. The tape rests on these nails and on the surface 
of the terminal hubs are tacked strips of zinc on which to make the 
contact marks. A careful line of spirit-levels must be ran over 
the base-lines, and the elevation of the hub or contact-mark of each 
tape-length must be determined in order to furnish data for 
reduction to the horizontal. 

In measuring over rough ground, six men are necessary; two 
tape- stretchers, two markers, two observers of thermometers, one 
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of whom will record. The co-operation of these men is obtained 
by a code of signals, the first of which calls for the application of 
the tension; then the two tape-stretchers by signal announce when 
the proper tension has been applied; then the rear observer adjusts 
the rear graduation over the determining mark on the zinc plate 
and gives a signal, upon hearing which, the thermometer recorder 
near the middle of the tape lifts it a little and lets it fall on its 
supports, thus straightening the tape. Immediately thereafter the 
front observer marks the position of the tape graduation on the 
zinc plate, and at the same time the thermometers are read and 
recorded. 

After the measurement of the base line has been completed in 
the field, the results of the measurement have to be reduced for 
various corrections, among which are: 

Comparison with standard measure; 

Corrections for inclination and sag of tape if such is used; 

Correction for temperature. 

The first correction to be applied is that of reducing the tape- 
line to the standard, standardizing ” the tape as it is called. By 
sending the tape to the National Bureau of Standards at Washing- 
ton, D. C., a statement may be had of the length of the tape com- 
pared with the standard. For this service a small fee is charged. 
For an additional fee a statement may be had of the temperature 
and pull at the ends for which the tape is a standard. 

As the length of a steel tape varies with the temperature, one 
of the most uncertain elements in the measurement of a base with 
the steel tape, is the change in the length of the standard due to 
changes of temperature. Corrections, therefore, must be made for 
every tape-length as derived from readings of one or more ther- 
mometers applied to the tape in the course of measurement. 

Steel expands .0000003596 of its length for each degree 
Fahrenheit. This decimal multiplied by the average number of 
degrees of temperature above or below 02 degrees at the time of 
the measurement, gives the proportion by which the base is to be 
diminished or extended on account of temperature changes. This 
correction is applied usually by obtaining with great care, the 
mean of all thermometer readings taken at uniform intervals of 
distance during the measurement. 
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The data for the correction for inclination of base are obtained 
by a careful line of spirit-levels over the base-line. In the course 
of this leveling, elevations are obtained for every plug upon which 
the tape rests. The result of this leveling is to give a profile 
showing rise or fall in feet or fractions thereof between the points 
of change in inclination of thetapedine. From this and measured 
distances between these points, the angle of inclination is com- 
puted by the formula 

A 

sin e =- 3 - 

In which D is the length of the tape or measured base : 
and h is the difference in height of the ends of tape or 
measured base, expressed in feet. 

0 is the angle of slope expressed in minutes. 

The correction in feet to the distance is that computed by the 
equation 

Correction = D ^ 

An ajypromnate formula for reducing distances measured 
upon sloping ground to the horizontal is expressed by the rule : 
Divide the square of the difference of level by twice the measured 
distance, subtract the quotient thus found from the measured 
distance, and the remainder equals the distance required ; thus 


^ = D - 


in which d equals the horizontal or reduced distance. 

When the base measurement is made with steel tape across 
country, and accordingly is not supported in every part of its 
length, there will occur some change in its length, due to sag. As 
previously explained, the tape should be rested upon supports not 
less than 50 feet apart. With supports placed even this short dis- 
tance apart, however, a change of length will occur between them, 
while even greater changes will occur should one or more supports 
be omitted as in crossing a road, ravine, etc. Since tapes are 
standardized by laying them upon a flat standard, it is necessary 
to determine the amount of shortening from the above causes. 
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The following reduction formulae apply : 

Let w — weight per unit of length of tape : 
t = tension applied 

w 

a — 

n = number of sections into which tape is divided by 
supports. 

I = length of any section 

L = normal length of tape or right-line distance be- 
tween n marks when under tension : = nl ap- 
proximately. 

If a tape be divided by equidistant supports, the difference in 
distance between the end graduations, due to sag, or the correction 
for sag = dh becomes 

dL = («', 


If one or more supports are omitted, then the omission of m 
consecutive supports shortens the tape by 

“or 

when I is the length of the section when no supports are omitted. 

E.rample. Let 71 = G ; I == 50 feet ; =. .0145 = weight 

in pounds per foot found by dividing whole weight of tape by 
whole length ; ^ = 20 pounds. 

c; = ~x(yy = 0.01()4 feet 

which is the amount of shortening of each tape-length. This cor- 
rection is ahva\ s negative. 

If there had been tSl> full tape-lengths in measured base-line, 
the total corrections for sag would be 8GX .0104= 1.413 feet. 

THE PLANE-TABLE. 

Construction. The plane-table consists essentially of a draw- 
ing-board mounted upon a tripod. This board is usually twenty- 
four by thirty inches, constructed in sections to prevent wrapping; 
it is attached to the tripod by a three -screw leveling base arranged 
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to permit the board to be turned in azimuth and to be clamped in 
any position. 

The instrument is designed to at once sketch in the field, to 
scale, the lengths and relative directions of all lines and the posi- 
tions of objects to be included in the survey. For drawing 
straight lines, a steel ruler is provided upon which is mounted at 
each end, a pair of open sights like those of the compass, or, a tele- 
scope is mounted at the center of the ruler, fitted with stadia 
wires, a vertical arc and a longitudinal striding level. The eye- 
piece should be inverting, and whether the open sights or the tele- 
scope is used, the line of sight should always be parallel to the 
edge of the ruler. The straight edge with the attached telescope 
or open sights is called the alidade. 

For leveling the instrument, two cylindrical levels, at right 
angles to each other, are mounted upon the alidade and either an 
attached or detached compass is provided for determining the bear- 
ing of lines. 

For attaching the paper to the board, various devices are 
used. One consists of a roller at each end of the table upon one 
of which the paper is wound up as it is unrolled from the other, 
the edges of the paper being held close to the board by spring 
clips. This arrangement permits the paper to be used in a con- 
tinuous roll and to be tightly stretched over the board. The use 
of the continuous roll of paper is undesirable, however, and 
separate sheets of proper size should be used, attached to the board 
and held firmly in place by the spring clips provided with the 
instrument. The use of thumb-tacks should be avoided. 

Under the most favorable conditions, the plane-table is a very 
awkward instrument and difficult to handle, but it is admirably 
adapted to filling in the details of a topographical survey. For this 
purpose it is the standard instrument of the United States (let)- 
detic Survey and is also largely used by the Ihiited States (leulog- 
ical Survey. It cannot be used on damp or very \\ indy days and is 
not therefore, of as general utility as the transit and stadia. 

Fig. 124 shows one form of construction of the jilaiie table 
with leveling screws and Fig. 124^/ shows a ])lane table with a much 
sim])ler form of leveling head. This latter was designed by Mr. 

W T) onrl Viqo fUq q ■r»-r\T*/^T7Q 1 
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of the United States Geological Survey. The whole arrangement 
is very light, but does not permit of as close leveling as does the 
usual form with leveling screws. 

Adjustments. 

1st. To determine whether the edge of the ruler is straight. 



Pig. 124. 


Place the ruler upon a smooth surface, and draw a line along its 
edge, and also lines at its ends. Reverse the ruler on these lines, 
and draw another line along its edge. If these two lines coincide, 
the ruler is straight. 
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2nd. To make the plane of the table horizontal when the 
bubbles are in the center of the tubes. Assuming tlie table to be 
plane, set the alidade in tbe middle of the table, level by means of 
the leveling screws, draw lines along the edge and ends of the 
ruler, and reverse the alidade on these lines. If the bubbles 
remain in the center of the tubes, they are in adjustment. If they 
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do not, correct one-half of the error by means of the leveling 
screws and the remainder by means of the capstan -headed screws 
of the level tubes. Repeat the operation until the bubbles remain 
in the center of the tubes in both positions of the alidade. 

3rd. To make the line of colliination popendlciday' to the 

Tiy-iUj— /'i'Vi//'v7 /'/-H'liJ /-i •f-'h T •t- t-il t-,ci ft 
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Level the table and point the telescope towards some small 
and well-defined object. Eemove the screws which confine the 
axis of the telescope in its bearings, reverse the telescope in its 
bearings, that is, change the axis end for end, being careful not to 
disturb the position of the alidade upon the table, and again sight 
upon the same object. If the intersection of the cross hairs bisects 
the object, the adjustment is complete. If not, correct one-half 
of the error by means of the horizontal screws attached to the 
reticle. Sight on the object again and repeat the operation until 
the line of collimation will bisect the object in both positions of 
the telescope. 

4th. To make the line of collimation jparallel to the axis of 
the hubhle tube. 

Attach the longitudinal striding level to the telescope and 
carry out the adjustment by the ‘^peg’’ method as described for 
the transit. 

5th. To make the horizontal axis of the telesco 2 '>e jparaTlel to 
the plane of the table. 

Level the table and point the telescope to a well-defined mark 
at the top of some tall object, as near as possible consistent with 
distinct vision. Turn the telescope on its horizontal axis, and 
point to a small mark at the base of the same object. Draw 
lines on the table at the edge and ends of the ruler. Reverse 
on these lines, point the telescope to the lower object and turn the 
telescope upon its horizontal axis. If the line of collimation again 
covers the higher point, the adjustment is complete. If it does 
not, correct one-half of the error by means of the sciews at one 
end of the horizontal axis. 

Gth To make the vertical arc or circle read zero when the 
line if colli mation is horizontal . 

Level the table and measure the angle of elevation or dejjres- 
sion of some object. Remove the table to the object, level as 
before, and measure the angle of depression or elevation of the 
first point Half the difference, if any, of the readings is the 
error of the adjustment. Correct this by means of the screws 
attached to the vernier plate, and repeat the operation until the 
angles as read from the two stations are equal. 
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Fig. 125. 


Use. The plane-t 9 .ble is used for the immediate mapping of 
a survey made with it, no angles being measured, but the direction 
and length of lines being plotted at once, upon the paper. The 
simplest case is the location of a number of points from one central 

point, called the method of radi- 
ation. The table is set up so 
that some convenient point upon 
the paper is over a selected spot 
upon ^ the ground and is then 
clamped in azimuth- Mark the 
point upon the table by sticking a 
needle into the board. Now bring 
the edge of the alidade in contact 
with the needle and swing it 
around until the line of sight, 
which is parallel to the edge of the ruler, is directed to the point to 
be located. Having determined the scale of the plat, a line is drawn 
along the edge of the ruler to scale, equal to the distance to the 
desired point, such distance having been measured either with the 
tape or stadia. In the same way locate all of the other points, 
which may include houses, trees, river banks, etc. If the plane- 
table is set up in the interior of a field at a point from which all 
of the corners are visible, the corners can be thus located and after 
being connected, there results a 
plot of the area. Instead of occu- 
pyinga point in the interior of the 
field, one corner may be selected 
from which all of the others are 
visible, or a point outside of the 
field may be chosen from which to 
measure the lines to the several 
corners. Evidently from such a 
survey, data is lacking from which 
to calculate the area, and either 
the map must be scaled for addi- 
tional data or the area measured with the planimeter. 

The Fig. 125 illustrates the method of surveying a closed 




Fig. 126. 
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o and drawn to an exaggerated scale. The area dbedo representing 
to scale, the area ABODE. It may be desirable to set up the 
table at some other point, as for instance one of the corners of the 
field, and run out some of the lines to the other corners as a check 
upon the work. 

Traversing, or the Method of Progression. This method is 
practically the same as the method of surveying a series of lines 
with the transit, but requires that all of the points be accessible. 
It is the best method of working as it provides a complete check 
upon the survey. 

Let ABODE, Fig. 126, be the 
series of lines to be surveyed by 
traversing. Set up the table at 
B, the second angle of the line, 
so that the point h upon the paper 
will be directly over the point 
B upon the ground. (The point 
b should be so chosen as to leave 
room upon the paper for as much 
Fig. 127. of the traverse as possible.) Stick 

a needlo at the point b and place 
the edge of the alidade against it. Swing the alidade around until 
the line of sight covers the point A. Measure BA and lay it off to 
the proper scale as ba. Now turn the alidade around the point b 
and sight to and measure the distance BC and plot it to scale as bo. 
Bemove the instrument to c with the point c upon the paper directly 
over C upon the ground, and cb in the direction of CB. This is diffi- 
cult to accomplish with the plane-table, but if the plot is drawn to 
a large scale, it must be done. If the plot is drawn to a small scale, 
it will be sufficiently accurate to set the table over the point C as 
nearly as possible in the proper direction and then turn the board 
in azimuth until b is in the direction of B. Stick a needle at o and 
check the length of cb. Swing the alidade around c until the line 
of sight covers D, measure CD and plot cd, liemove to D and 
proceed as before and so on through the traverse. 

If the survey is of a closed field, the accuracy of the work 
will be checked by the closure of the survey. 
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Th© method of progression is especially adapted to the survey 
of a road, the banks of a river, etc., and often many of the details 
may be sketched in with the eye. 

When the paper is filled, put on a new sheet, and pn it, fix 
two points, such as D and E, which were on the former sheet and 
from them proceed as before. The sheets can afterward be united 
so that all points on both shall be in their true relative positions. 

riethod of Intersection. This is the most rapid method of 
using the plane-table. Set up the instrument at any convenient 
point, as A in Fig. 127 and sight to all the desired points as D,E, 
F, etc., which are visible, and draw indefinite lines in their direc- 
tions. Measure any line as AB, B being one of the points sighted 
to, and plot the length of this line upon the paper to any convenient 
scale. Move the instrument to B so that b upon the paper will be 
directly over B upon the ground, and so that ba upon the paper 
will be in the direction of BA upon the ground as explained under 
the method of progression. Stick a needle at the point b and 
swing the alidade around it, sighting to all the former points in 
succession, and draw lines in their direction. The intersection of 
these two sets of lines to the several points will determine the 
position of the points. Connect the points as r/, in the 

figure. In surveying a field, one side may be taken as the base 
line. In choosing the base line, care must be exercised to avoid 
very acute or obtuse angles: and 150^ being the extreme limits. 

The impossibility of always doing this, sometimes renders this 
method deficient in precision. 

TOPOGRAPHICAL SURVEYING. 

A topographical map is one showing the configuration of the 
surface of the ground of the area to be mapped and includes lakf^s, 
rivers, and all other natural features, and sometimes artiriciol 
features as well. 

A topographical survey is one conducted for the purpose of 
acquiring information necessary for the production of a topograph- 
ical map of the area surveyed. 

Nearly all engineering enterprises involve a topographical 
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importance of the contemplated work. The construction of an 
important building may involve a survey of the foundation site 
to determine the amount of cut and fill ; the construction of a 
bridge will involve a hydrographic survey of a body of water to 
acquire information in regard to direction and velocity of current, 
depth of water, nature of bottom, and proper site for piers and 
abutments. A proposed railroad will not only involve a survey 
of the line itself, but a topographical survey extending from 200 
to 400 feet upon each side. The design of a sewer system or a 
waterworks system, dams, reservoirs, canals, irrigation channels, 
tunnels, etc , all involve topographical surveys. 

In what follows it is intended to outline the methods of con- 
ducting field operations, based partly upon the nature and impor- 
tance of the problem involved, and partly upon the instruments 
used. The different methods of representing topography and the 
involved drafting-room work will be fully treated in Topographical 
Drawing. 

The field operations, in so far as the methods and instruments 
are concerned, may be classified as follows : 

1. Sketching by the eye, without or with the tape for measuring dis- 
tances. 

2. Sketching with the aid of the Locke hand-level or clinometer, hori- 
zontal distances being measured either by pacing or with the tape. 

3. Determining the elevation of points with the wye-level, horizontal 
distances being determined either with the stadia or tape. 

4. Determining points with the transit and stadia. 

5. Topographical sketching with the plane-table and stadia. 

6. Photography. 

7. Triangulation. 

It is evident that the first method is entirely lacking in accu- 
racy, and such work should be done only when speed is the most 
important consideration, only the roughest approximation to the 
topographical features being attempted ; contour lines cannot be 
located. Work of this nature is of value principally for purposes 
of promoting an enterprise ; artistic, showy plates being desired. 
Little can be said descriptive of the manner of carrying out the 
field work, since this will require considerable artistic ability as 
well as the ability to see” things and estimate distances. Com- 
paratively few men possess the ability to carry out topography of 
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entirely by sketching in the field, and for this purpose the 
following equipment is needed : 

2 or 3 medium pencils, kept well sharpened. 

Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper, 14" X 14". 

One light drawing board, 15" X 15". 

A pocket compass will be useful in determining the bearing 
to prominent objects to tie in the stations of the survey. A Locke 
hand-level or Abney clinometer will also be useful for finding 
approximate heights, and either of these instruments can be 
readily carried in the pocket. It will be more convenient to have 
the paper cross-ruled into one-fourth inch squares, the center line 
being ruled in red, but if drawing paper is used, it will be neces- 
sary to add an engineer’s scale to the equipment. The back of 
the drawing board should be fitted with a leather pocket, with flap 
and button, in which the blank sheets and the finished topographic 
sheets should be kept. A strap attached to the board and to go 
over the shoulder, will prove a great convenience. A waterproof 
cover should be provided to protect the board and sheets in case 
of rain. 

A compass or transit survey forms the backbone of the topog- 
raphy, and the sketching should include an area upon each side of 
the line so surveyed, and running parallel with it. 

A separate sheet should be used for each course (by course is 
intended the straight line from one turning point to tlie next), no 
matter how short it may be. Begin at the bottom of the sheet 
and sketch the topography up the sheet, that is, in the diivetiun 
of the progress of the survey, and number the sheets in order. 
Begin each new slieet with the same station that ended the preced- 
ing sheet. After the held work is completed, the sheets can be 
laid down in order, the angles between their center lines corre- 
sponding to the deflection angles as given by the transit notes of 
the survey. The topography can now ])e traced upon tracing cloth 
in a continuous sheet. The method above outlined will result in 
a saving of time, especially in working up the topographic plat. 

The second method commends itself in connection with a 
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tion channels, canals, etc. The equipment should be as follows : 

1 or 2 straight edges^ about 12 feet in length. 

1 or 2, 100-foot steel tapes. 

1 or 2 plumb-bobs. 

1 pocket compass. 

2 or 3 medium pencils, kept well sharpened. 

Rubber eraser. 

Thumb-tacks. 

Several sheets of drawing paper or cross-section paper, 14'' X 14". 

One light drawing board, 15" X 15" with waterproof cover. 

The topographic party should be made up of the topographer 
and one or two assistants, depending somewhat upon the nature of 
the survey and the country traversed. If the country permits of 
rapid progress of the transit and level party, two assistants will be 
necessary to keep the topography abreast of the survey. Eapid work 
may, however, be done with one assistant, provided the topography 
does not extend more than 200 feet each side of the transit line. 

The Abney clinometer is well adapted for this class of work, 
on account of its portability, which is an important item in a 
rough country with steep side slopes. It can be used in the same 
way as the Locke hand-level, if necessary, but is a more generally 
useful instrument, as is described in Part 1. The straight edge 
should be of well-seasoned, straight-grained material, as light as 
possible, but so constructed as to prevent warping. It should be 
divided into spaces of one foot each, painted alternately red and 
white. The tapes should be of band steel, as they are subjected 
to rough usage, and they should be divided to feet and tenths at 
least. A plumb-bob is necessary for plumbing down the end of 
the tape on steep slopes. The pocket compass is a neceHmry 
adjunct in work of this character. The drawing paper should 
preferably be cross-section paper ruled into one-fourth inch squares 
with a heavy center line in red, but if ordinary drawing paper is 
used, it will be necessary to include in the outfit an engineer’s 
scale, by means of which distances may be platted upon the sheet. 
Enough of these sheets should be carried to cover a day’s work, but 
no more. The drawing board should be fitted up as described 
under the previous method. 

Method of Procedure. The transit line furnishes, of course, 
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the proper distance upon each side of this line, by locating points 
both as to distance and elevation, upon perpendiculars from the 
transit stations. In rough country, it may be necessary to locate 
these points intermediate between the transit stations. Before 
starting out upon a day’s work it is necessary to procure from the 
level party, the elevation of the transit stations, or if the topog- 
raphy keeps pace with the transit survey, the elevation may be ob- 
tained from the leveler at each station. For points intermediate 
between transit stations, the elevations may be gotten closely 
enough with the clinometer or hand-level. The number of each 
station as well as its elevation, should be noted upon the topo- 
graphic sheet, and the topography will include the location of 
contour lines, at proper vertical intervals, as well as all streams, 
lakes, property lines, etc. An example showing the method of 
keeping the field notes, will at the same time best serve to explain 
the methods of conducting the survey. 

Beorinning with station 0 at the bottom of the sheet, the 
number and elevation of the station are noted. See Fig. 128. 
Sending the assistant out upon one side of the transit line and at 
right angles thereto, he holds the rod at points to be designated by 
the topographer, the distances to be determined by pacing, or with 
the tape, and the elevations determined either by sighting upon 
the rod with the clinometer, or by laying the straight edge upon 
the ground at right angles to the line and applying the clinometer 
to it to determine the slope, from which elevations can at once be 
determined. Contour ])oiiits are then readily interpolated and the 
distance out platted to scale upon the sheet and a note made of the 
elevation of the contour lines. If a lake or stream intervenes 
within the limits of the topographic survey, determine the distance 
to and elevation of the shore line and plat upt)n the shet^t. Deter- 
mine points upon the other side of the transit line in the same way. 

If one or more contour lines cross the transit line between 
stations, determine the ])oint3 of crossing and ])lat the points upon 
the sheet, to scale, as shown between stations 0 and 1. It will he 
noticed in this case that the elevation of station 0, is 138 feet and 
of station 1, is 141 feet. If contours are to be taken at vertical 
intervals of five feet, it is apparent that the 140-foot contour line 



186 


PLANE SUKVEYING 


D E 



B C 

Fig. 128. 


the ground is uniform, the point of crossing may be taken at two- 
thirds of the distance from 0 to 1. Otherwise, locate the point 
with the clinometer. 
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same contour line, sketching in the curve of the line with the eye. 
Use a separate sheet for each portion of the transit line from turn- 
ing point to turning point; this will require that the turning 
points appear upon two consecutive sheets. Likewise, if the length 
of the line between turning points is too long to be platted upon a 
single sheet, begin the second sheet with the same station that 
completed the first sheet and so continue throughout the survey. 
As each sheet is completed, number it and return to the pocket on 
the back of the drawing board. The pocket compass should be 
used for determining the bearing of property lines, roads, streams, 
etc., crossed by the survey, and to take the bearings to prominent 
objects. 

The topographic sheets should be filed away in such a manner 
as to make them easily accessible at any time, as the engineer in 
charge of the transit survey may wish to consult them from time 
to time. The office work of preparing the topographic plat can be 
very expeditiously carried out as before described. 

The use of the wye-level as a topographic instrument is 
limited, but for certain kinds of work the instrument is the most 
satisfactory, as for instance, the survey of a dam-site; the survey 
of a reservoir-site; the survey of a town preparatory to planning 
sewer and waterworks systems and the planning of street pave- 
ments. 

The instrument should be fitted with stadia wires for measur- 
ing horizontal distances, and this will usually prove a great conven- 
ience, resulting in saving of both time and expense. A steel 
tape should, however, be included in the equipment for field work, 
for the purpose of checking measurements with the stadia. In 
addition to the above there should be provided, the following 
equipment: 

Self-reading level rod, capable of being road to hundredths of a foot. 

Hatchet. 

Marking crayon. 

2 or 3 medium pencils, kept well sharpened. 

Plumb-bob. 

Rubber eraser. 

Portable turning point. 

The method of using the level rod in connection with the 
stadia for measurinef distances has been fullv discussed in Part II. 
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The portable tnrning point will prove of great conveniencse 
and may be made from a triangular piece of thin steel, with the 
corners turned down to project about one inch. 

If the level is to be used with the tape, the party will be 
made up of the levelman, two tapemen and a rodman, unless the 
nature of the work will permit of the rodman carrying the rear 
end of the tape. If the stadia is used for measuring distances, 
only the rodman will be required in addition* to the levelman. 
The levelman carries the note book and enters into it all rod 
readings both for elevation and distances. These notes should be 
entered upon the left-hand page, the right-hand page being re- 
served for notes and sketches, which should be as full as possible. 
The levelman should cultivate the practice of calculating the ele- 
vations of the stations as the work progresses, at least of the 
turning points and bench-marks, in order that the results may be 
checked and errors discovered at once and corrected. If this work 
is left to be afterward carried out in the office, errors may be dis- 
covered that may require considerable time to locate and correct. 

If the area to be surveyed is, for instance, a reservoir site, it 
will be found most convenient to cover the area with a system of 
rectangles as shown in the figure, the parallel lines being spaced 
from 200 to 400 feet apart as may be most desirable. These lines 
should be run in with the transit, stakes being set at the inter- 
sections of the cross lines, or if the area is not very extended and 
is comparatively level, by means of the level itself, the perpen- 
dicular distances between the parallel lines being measured with 
the tape. 

These lines having been laid down, the next step is to estab- 
lish a system of bench-marks over the area. Eegin by establishing 
a staiidard ” bench-mark at some central point upon a permanent 
object, easily identified, and from thence radiate in all directions, 
returning finally to the original bench-mark for purposes of 
checking. Having located and satisfactorily checked the bench- 
marks, begin by running the level over all the lines running in 
one direction, as from A to 11, back from C to D and so on, taking 
rod readings at every fifty or one hundred feet, in addition to the 
readinijs at the stakes at intersections of cross lines. It is to be 
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points. Next run the level over the lines at right angles to the 
former ones and in the same way, checking the levels at inter- 
sections. Advantage should be taken of every opportunity to 
check upon bench-marks previously located, and to establish 
others. 

In keeping the field records, the notes of the two sets of lines 
should be kept in separate books ; that is to say, if, for instance, 
one set of lines run north and south, and, therefore, the other east 
and west, the notes of the north and south lines should be entered 
in one set of books and the notes of the east and west lines in an- 
other set, and a note should be made of the direction in which a 
line is run, as from north to south or from east to west. 

In conducting a survey for the preparation of a topographical 
map necessary to the design of a sewer or waterworks system, 
much the same method is to be followed, but now the streets and 
alleys take the place of the rectangular system referred to above. 
As before, all the streets and alleys running in parallel directions 
are to be gone over in a systematic way, readings being taken fifty 
or one hundred feet apart in addition to street and alley intersec- 
tions. (By street and alley intersections is intended the intersec- 
tions of the center lines, the lines of levels being run along these 
center lines.) If a fairly accurate map of a town is available, the 
distances measured with the tape along the center line of the streets 
and alleys will serve as a check upon the map. If, however, dis- 
crepancies occur or there is no map available, it will be necessary 
to use the transit for staking out street lines and for determin- 
ing the relative directions of these lines. It follows that the 
topography of the ground between streets and alleys can only be 
approximated, but sufficient points accurately determined will 
have been established to permit the platting of a contour map, 
from which the system can be laid down. 

The otKce work involved in the survey of an area, as above 
described, consists in preparing profiles of the level linos and pre- 
paring a plat of the lines surveyed. From the profiles the contour 
points can be laid down in their proper position upon the plat, and as 
each point is laid down, its elevation should be noted in pencil, and 
after all the points have been platted, the points in the same contour 
line can be connected — preferably free-hand — producing the con- 



PLANE SURVEYING 


191 


tour map. The scale to be adopted will depend upon the nature 
of the work, but should be as large as possible, consistent with the 
csonvenient handling of the map. 

Transit and Stadia. The method by transit and stadia is of 
more general application than the preceding method, points being 
located by “ polar co-ordinates,” that is to say, by direction and 
distance from a known point, the elevation being determined at 
the same time. 

Method of conducting field operations. If the area to be sur- 
veyed is small, the preceding method, based upon a system of 
rectangles, will prove satisfactory, and the elevations of the comers 
and salient points can be determined at the same time that the 
lines forming the rectangles are being laid down. Especial care 
should be taken to check the elevations of the corners. 

In making a survey for a sewer or a waterworks system, the 
transit and stadia method will be found efficient, especially in cases 
where no survey has previously been made, the map, if it exists at 
all, having been compiled from the records in the County Record- 
er’s office. The bench-marks necessary in a survey of this kind, 
however, should be established with the wye-level, and it may be 
desirable to determine the elevation of street intersections in the 
same way. 

If the area to be surveyed is too large, or of uneven topography, 
proceed as follows: Choose a point, as the intersection of two 
streets, the corner of a farm, or an arbitrary point conveniently 
located and drive a stake tirmly at this point, ^‘witnessing” 
it from other easily recognized points or stakes. The transit should 
be set over this point with the vernier reading zero, and the instru- 
ment pointed by the lower motion in the direction of the nit^ridian. 
This may be the true meridian previously determined, the mag- 
netic meridian as shown by the needle, or an arbitrary meridian 
assumed for the purpose of the survey. It will generally be more 
satisfactory to run out a true meridian by means of the solar 
attachment, but in any event the direction of the line taken as a 
meridian should be detined by stakes, firmly driven into the ground, 
and ‘‘ witnessed ” by stakes or other objects easily recognized. 
The elevation of the starting point, if not known, is assumed and 
recorded in the notebook A traverse line should oow he mo- its 
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position and direction chosen with a view to obtaining from each 
station the largest possible number of pointings to salient featnres 
of the area under survey, and these pointings are taken while the 
instrument is set at any station, and before the traverse is com- 

The length of each course is measured with the stadia, and 
together with the azimuth and the vertical angle, it should be 
recorded in the notebook. The length, azimuth, and vertical angle 
of each course should be read from both ends to serve as a check. 
The additional pointings taken from each course of a traverse are 
usually called side shots’^ and for each there are required the 
distance, azimuth, and vertical angle. ' These will locate the point 
and determine its elevation. 

The method of using the stadia has already been quite fully 
discussed in Part II., and need not be repeated. 

The points selected for side shots should be such as will 
enable the contours to be platted intelligently a.id accurately upon 
the map of the area under survey. They should be taken along 
ridges and hollows and at all changes of slope. They should be 
taken at frequent intervals along a stream to indicate its course, 
or along the shore of a lake. It is usually required that the 
location of artificial structures, such as houses, fences, roads, etc., 
be determined that they may be mapped in their proper position. 
Pointings, therefore, should be taken to all fence corners and 
angles, and to enough corners and angles of buildings, to permit 
of their being platted. Sufficient points should bo taken along 
roads to determine their direction. Wooded lands, swamps, etc., 
may be indicated by pointings taken around their edges. In 
addition to the notes above described, the recorder should amplify 
the notes with sketches, to aid the memory in mapping. 

The traverse, of course, forms the backbone of such a survey, 
and the accuracy of the resulting topographical map will depend 
upon the degree of care bestowed upon running the courses. 
Over uneven ground, it is often desirable to run a secondary trav- 
erse from the first, for the more rapid and accurate location of 
points. 

The organization of a party will depend upon the nature 
of the country traversed and of the results reauired. Chaneres in 
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the make-up of parties, as given below, will suggest tbemselvee 
for any special work. 

For economy and speed, the party for taking topography with 
transit and stadia will consist of a transitman or observer, a 
recorder in charge of the notebook, who should be capable of making 
such sketches as are necessary, and two to four men with stadia 
rods. The greater the distances to be traversed by the stadia men 
between points taken, the greater number the observer can work 
to advantage. One or two axemen may be employed if clearing 
is to be done. 

The party may be reduced to two men — one to handle the 
instrument, record notes and make sketches, the other to carry the 
rod. 

The Plane Table and Stadia. The plane table is an instru- 
ment intended for topographic purposes only and is used for the 
immediate mapping of a survey made with it, no notes of angles 
being taken, but the lines being platted at once upon the paper. 
The use of the plane table has been fully described. In topo- 
graphical work over an extended area, it may be used for filling in 
details, based upon a previous traverse made with a transit, or 
based upon a system of triangulation as will be described. Over 
small areas, the traverse itself may be run with the plane table 
and the details filled in at the same time. It is the standard in- 
strument of the United States Geological Survey and is largely 
used upon the United States Geodetic Survey. 

The ])oints in favor of the plane table are : Eeonomv, since 
the map is made at once without the expem-e of notes and sketches; 
and as the mapping is all done upon the ground to be represented, 
all of its ])eculiarities and characteristics can be correctly repre- 
sented. 

On the other hand, the plane table is an instrument useful 
only for taking topography ; the rodiiieii are idle while the inap- 
j)iiig is being done ; the instrument is more unwieldy than the 
transit, particularly upon difiieult ground ; the record of the work 
for a long period is constantly exposed to accident ; the distortion 
of the paper with, the varying dampness of air, introduces errors 
in the map ; vvhile the area exposed makes it too unstable to use 
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The organization of a party for the taking of topography, 
using the plane table, is much the same as with the transit and 
stadia ; however, on account of the weight of the instrument, 
means of transportation must be provided. 

A less number of rodmen can be employed than with the 
stadia, owing to the time required for mapping. 

An observer, a man to reduce stadia notes and sketch topog- 
raphy around points determined by intersection or stadia from 
the plane table station, and one rodman, will make the minimum 
working party, in addition to which, axemen and a team for trans- 
portation will be required. 

Photography. The following is taken from Gillespies Sur* 
veying (Staley). 

“ Photography has long been successfully employed by 
European engineers, notably those of Italy, for the purpose of 
taking topography. The Canadian Government has also employed 
it successfully in the survey of Alaska. 

The recommendation of this method is the great saving of 
time in the held, while giving topographic features with all the 
accuracy required for maps to be platted on a scale of 1 to 25,000. 

M. Javary states that the maximum error both for horizontal 
distances and elevations, using a camera with a focal length of 
twenty inches and a microscope in examining the points, was 
only 1 in 5,000 as deduced from a number of cases. 

]\r. Laussedat, in his work, found that this method did not 
require more than one-third the time necessary by the usual 
methods. 

This makes it especially suitable in all mountainous regions, 
where so much time is lost in getting to and from stations, that 
little is available for observations and sketchiiip;. 

A single occupation of a station wdth photographic apparatus 
would suffice to complete work that with the ordinary methods 
would require several days.” 

Instruments. The ordinary camera may be used, if it is pro- 
vided with a level. A tripod head for leveling the instrument, 
and a roughly graduated horizontal circle for reading the direction 
of the line of sight, when photographing different parts of the 
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A camera is sometimes used upon a plane table, the record 
of the work being made upon the paper in connection with a set 
of radial lines drawn from the point representing the station 
occupied. 

Many special forms of instrument combining the camera and 
theodolite have been devised, some one of which should be used 
if work of this kind is to be undertaken on a large scale. For a 
description of these instruments, and a complete treatise on this 
subject, comprising a discussion of the requirements of the Appa- 
ratus, the fundamental principles of photography, methods of field 
work, forms of notes, reduction of notes and making of the map, 
together with the bibliography of the subject, see United States 
Coast and Geodetic Survey Report, 1893, Part II., Appendix 3. 

The camera tripod as ordinarily constructed is too unstable 
for purposes of topographic surveying, and it is desirable to have 
a tripod constructed especially for this class of work. Glass plates 
are heavy and awkward to carry aside from their fragile nature. 
Cut films can be procured in any of the standard sizes, and as 
they are light and stand rough handling and give ordinarily as 
good results as the glass plates, they are to be preferred. Their 
cost is about double that of the glass. 

TRIANQULATION. 

This method of surveying is sometimes called ‘"Trigonometric 
Surveying'’ and bometimes ‘"Geodetic Surveying'’, though this 
latter is projierly a])plied only when the area to be surveyed is so 
extensive that allowance must be made for the curvature of the 
earth. Si nee this iiibtruction paper is devoted to Plane Surveying 
only, the curvature of the earth will be neglected. 

Trianguliition, or Triangular Surve^ing, is founded upon the 
method of determining the position of a jioiiit at the apex of a 
triangle of whieb the base and two angles are measured. Thus in 
Fig. the length of the base line AB is measured and the 

angles PAD and PDA are measured, from which can be calculated 
the leno'ths of the sides PA and PB. This calculated leiicTth of 
PA w'ill then he taken as tlie side of a second triancrle, and the 
angles PAC and PCA measured, from w"hich the other sides of 

i— : i 
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a field, farm, or a country can be surveyed by measuring a base 
line only, and calculating all of the other desired distances, which 
are made the sides of a connected series of imaginary triangles 
whose angles are carefully measured. 

Measuring the base line. For 

a base line, a fairly level stretch 
of ground is selected, as nearly as 
possible in the middle of the area 
to be surveyed, and a line from 
one thousand feet to one-half mile, 
or longer, is very carefully meas- 
ured. The ends of this line are 
marked with stone monuments or 
solid stakes. If the survey is of 
suflScient importance, the ends of 
the base line and the apexes of the 
triangles should l^e permanently 
preserved by means of stones not less than six inches square in 
cross-section and two feet long, these stones being set deep enough 
to be beyond the disturbing action of frost. Into the top of this 
stone should be leaded a copper bolt about one-half inch in diam- 
eter, the head of the bolt being marked with a cross to designate 
the exact point. The point may be brought to the surface by a 
plumb-line for use in the survey. The location of each monument 
should be fully described with reference to surrounding objects of 
a permanent character, so as to be easily recovered for future ust^. 

The measurement of the base line for the areas of limited 
extent should be made with a precision of from one in five thousand 
to one in fifty thousand, depending upon the scale of the map, 
the extent of the area under survey, and the nature and importance 
of the work. 

The two ends of the base line having been determined and 
marked, the transit is set over one end and a line of stakes rancfed 
out between the two ends, especial care being taken to make the 
alignment as perfect as possible. These stakes should be not less 
than two inches square, driven firmly into the ground, preferably 
at even tape lengths apart, or at least at one-half or one-quarter 
tape lengths, center to center; the centers should be marked by 
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fine scratches upon strips of tin or zinc tacked to the top of the 
stakes. 

For ordinary work the base line may be measured with a tape, 
notes being made of the temperature, pull, grade, and distances 
between supports, the tape having been previously standardized. 
For a degree of precision, such as is attempted upon the work of 
the United States Coast and Geodetic Survey, more refined methods 
are used, but as this properly belongs to geodetic surveying, it is 
unnecessary to consider it here. 

Measuring the angles. After establishing and measuring 
the base line, prominent points are chosen for triangulation points 
or apexes of triangles, and from the extremities of the base line 
angles are observed to these points, care being taken to so choose 
the points that the angles shall in no case be less than 30°, nor 
more than 120°. The distances to these and between these points 
are then calculated by trigonometric methods, the instrument being 
then placed at each of these new stations and angles observed from 
them to still more distant stations, the calculated lines being used 
as new base lines. This process is repeated and extended until the 
entire district included in the survey is covered with a network of 
“primary triangles ” of as large sides as possible. One side of the 
last triancrle should be so located that its leno-th can be determined 

o o 

by direct measurement as well as by calculation; the accuracy of 
the work can thus be checked. Within these ])riiiiary triangles 
secondary or smaller triangles are formed to serve as the starting 
points for ordinary surveys with the transit and tape, transit and 
stadia, plane table, etc., to fix the location of minor details. 
Tertiary triangles may al&o be formed. 

When the survey is not very extensive, and extreme aecnracy 
is not required, the ordinary methods of meat>iiring anglt‘S may be 
emj)loyed. Others i>e there are two methods of ineasiiring angles, 
called, respectively, the method of re])etition and the method by 
continuous reading. When an engineer's transit is used for 
measuring angles, the method by repetition is the simple>t and 
best and is carried out as follows ; The vernier is preferably set 
at zero degrees and then by the lower motion turned upon the left- 
hand station ; the lower motion is then clamped and the instrument 
turned by the upper motiou upon the right-hand station: the 
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upper motion is then clamped and the instrument turned by the 
lower motion upon the left-hand station; lower motion clamped 
and instrument again turned by upper motion upon right-hand 
station. This process is repeated as often as may be necessary to 
practically cover the entire circle of 360° and the circle is then 
read. This reading divided by the number of repetitions will give 
the value of the angle. 

Now reverse the telescope and repeat the observations 
described above, but from right to left; the readings being taken 
in both directions to eliminate errors due to clamping and unclamp- 
ing and personal errors due to mistakes in setting upon a station. 
The readings should be taken with the telescope both direct and 
reverse to eliminate errors of adjustments. Both verniers should 
be read in order to eliminate errors due to eccentricity of verniers, 
and the entire circle is included in the operation in order to elim- 
inate errors due to graduation. 

The second method, by continuous reading, consists in point- 
ing the telescope at each of the stations consecutively, and reading 
the vernier at each pointing; the difference between the consecu- 
tive readings being the angle be- 
tween the corresponding points. 
Thus in Fig. 130 with the instru- 
ment at zero, the telescope is first 
directed to A and the vernier is 
read; then to B, (\ D, F], etc., in 
succession, the vernier beinn; read 
at eacli [)oiiiting. The reading 
of the vernier on A, subtracted 
from that on B, will frive the anMe 
AOB and so on. It is necessary 
in this method, to read both to 
the right and to the left, and with the telescope both direct and 
inverted. Since each angle is measured on only one part of the 
limb, it is necessary after completing the readings once around 
and back, to shift the vernier to another part of the limb and 
repeat the readings in both directions, and with the telescope 
direct and inverted. This is done as many times as there are sets 
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the telescope direct and inverted, gives one valne for each angle. 

The lengths of the sides of the triangles should be calculated 
with extreme accuracy in two ways if possible, and by at least two 
persons. Plane trigonometry may be used for even extensive 
surveys; for though these sides are really arcs and not straight 
lines the error under ordinary circumstances wiU be inappreciable. 

Radiating Triangulation. This method as is illustrated in 
Fig- 131 consists in choosing a conspicuous point O, nearly in the 
center of the area to be surveyed. Other points as A, B, C, D, 
etc., are so chosen that the signal at O can be seen from all of 
them, and that the triangles ABO, BCO, etc., shall be as nearly 
equilateral as possible. Measure 
one side, as AB for example, 
and at A measure the angles 
OAB and OAG; at B measure 
the angles OB A and OBC; and 
so on around the polygon. The 
correctness of these measure- 
ments may be tested by the sum 
of the angles. It will seldom be 
the case, however, that the sum 
of the angles will come out just 
even, and the angles must then 
be adjusted, as will be explained 
later. The calculations of the lengths of the unknown sides are 
readily made by the usual trigonometric methods; thus in the tri- 
angle AOB, there are given one side and all of the angles of the 
triangle from which to calculate AO and EO. Similarly all of 
the triangles of the polygon may be solved, and final Iv the length 
of OA may be measured and compared with the calculated length, 
as found from the first triancrle. 

A farm or field may be surveyed by the previously described 
method, but the following plan will often be more convenient : 
Choose a base line as AB within the field and measure its length. 
Consider first the triangles which have AB for a base, and the 
corners of the field for vertices. In the triangle ACB for example 
(see Fig. 132), we measure the angles CAB and CBA and the 
length of the base line AB. We can therefore calculate the lenp-th 
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of AG and BC. Next consider the field as made up of triangles 
with a common vertex A. In each of them, two sides and the 
included angle are given, to find the third side. If now the point 
B at the other end of the base line be taken for a common vertex, 
a check will be obtained upon the work. 

A field or a farm or any inaccessible area such as a swamp, 
a lake, etc., may be surveyed without entering it. For a farm or 
any area permitting unobstructed vision, it will only be necessary 

to choose a base line AB, from 
which all of the corners of the 
farm, or all of the salient points 
of the area, can be seen. Take 
their bearings, or the angles be- 
tween the base line and their 
directions. The distances from 
A and B to each of them can be 
calculated as described, and the 
figure will then show in what 
mariner the content of the field 
is the difference between the contents of the triangles having A 
or B for a vertex, which lie outside of it, and those which lie 
partly within the field and partly outside of it. Their contents 
can be calculated, and their difference will ])0 the desired content. 
See Fig. 133. Evidently the entire area included lietween the cor- 
ners of the field and the base line is the sum of the trian tries A 211, 
2B3 and 3B4. Subtracting from this sum the areas of tlie tri- 
angles 2A1, lAB, 1I)(), 5(5B and 5B4, there will remain tlie 
required area of the field, 1234o(>. 

In all of the operations which have lieen explained, tlu^ posi- 
tion of a point has ])een determined by taking the angles, or bt^ar- 
ings, of two lines passing from the two ends of a base' line to the 
unknown point, but the same determination may he effected 
inversely by taking from the point the bearings by compass of the 
two ends of tln^ l)ase line or any two known points. The unknown 
point will then be fixed l)y jdotting from the two known ])oints, 
the opposite bearings, for it will be at the intersection of the lines 
thus determined. 
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The determination of a point by the method fonnded on the 
intersection of lines, has the serious defect that the point sighted 
to will be very indefinitely determined if the lines which fix it 
meet at a very acute or a very obtuse angle, which the relative 
position of the points observed from and to often render unavoid- 
able. Intersections at right 
angles should therefore be 
sought for, so far as other con- 
siderations will permit. 

Adjusting the Triangle. 

All of the angles of a given tri- 
angle are measured. * If but two 
have been measured, and the 
third computed, the entire error 
of measurement of the two angles 
will be thrown into the third 
angle. It will be found, upon 
adding together the measured angles of a triangle, that the sam of 
the three angles is almost invariably more or less than 1S0\ With 
the engineer's transit the error should be less than one minute. 
If there is no reason to suppose that one angle is measured more 
carefully than another, this error should be divided equally among 
the three angles of the triangle, and tlie r>>rnrttd angles are used 
in computing the azimuths and lengths of the sides. This distri- 
bution of the error is called a<l jutting " the triangle. With the 
large sy>tenis of extensive geodetic Biir\eys much more elaborate 
methods are emplo\ed, since a large number of triangles must be 
adjusted sim ultaneously so that they will all be geometrically con- 
sistent, not only each by itself, but one wdth another. 











PLOTTING AND TOPOGRAPHY. 


DEFINITIONS AND OUTLINE OF WORK. 


I. Definition. Topography is the art of making a graphic 
representation, (a) of the outlines of all water courses and bodies of 
water, (b) of all forms of relief of the surface of the ground, and (c) 
of all artificial features and structures built by man. In general the 
art consists in representing all these features in such a way that they 
are most easily intelligible from the map; while economy requires that 
the methods employed shall be such as to make a map which shall 
give all the necessary information with a minimum of work in sur- 
veying and drafting. 

3. Scale of Map. (A general discussion.) One of the first 
things to be decided is the scale of map to be used, for on this decision 
will depend the character of the work which is to be done. For 
example, if the map is to be plotted on a small scale it will be useless 
to do the surveying work with a closeness of detail which it will be 
impracticable to represent on such a small scale. The scale of map 
must depend on the use which is to be made of it, as will be discussed 
later. On the one hand a very small scale will mean that desired 
details cannot be readily shown or else can only be sho\\n by the 
draftsman using the most extreme care, and on the other hand, a 


large scale will mean that if the survey covers a considerable area of 
ground the ina]) will be inconveniently large. In brief, the true 
criterion for the scale of the map i^ that it should be di’awn to the 
smallest scale which will ])roperly rej)resent the to{)ograpliical ft‘a- 
ture.s whic*h must be accurately shown on the re(juiiT‘d map. 

3. Method of Field VV^ork. (Determination of it^ general 
character.) The choice in the method of field work depeiuN on the 
same considerations as genern the recjuired scale of map. On the 
one haiul, the method adopted Nhould have a practicable accuracy 
sufficient to properly represent all re(iuired features. The practi- 
cable accuracy of any given method is only known to those who have 
learned by actual experience the uncertainties involved in that 
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sacrificed in plotting minute details with painstaking accuracy when 
it is known by experience that such accurate work cannot have any 
practical utilization. When an engineer is making an ''exploratory’^ 
survey through a comparatively unknown tract of country, he may 
be content with determining elevations with a barometer, the direc- 
tions of the lines with a hand compass, the slope of lines with a hand 
level or clinometer and distances with a. pedometer (pace-measurer) 
or odometer (an instrument which records the revolutions of a wheel 
of known circumference, which is rolled over the route traversed). 
These crude methods have the merit of great rapidity and cheapness 
and can be made with sufficient accuracy to determine whether that 
general route should be immediately rejected or deserves further 
consideration and a more accurate survey. The above, which is 
called a reconnaissance , applies chiefly to railroad work. When a 
topographical survey of a large area is to be made regardless of the 
method of utilization, such a reconnoissance survey is made chiefly 
for the purpose of planning the detailed work, selecting triangula- 
tion stations (if the triangulation method is to be used) and deter- 
mining the method best suited for the results to be accomplished. 
For example, military surveys are frequently made on horseback or 
from a boat passing on a stream or lake. The three elements of dis- 
tance, direction and elevation are determined with only a low degree 
of accuracy, but in the hands of trained men it is sufficient for the 
purpose of these surveys. To pass to the other extreme, geodetic 
surveys, which liave as their ultimate object the determination of 
the form of the earth, employ the most refined methods which inge- 
nuity can devise to eliminate sources of inaccuracy which even in 
ordinary surveying are considered negligible. 

4. Plotting. (The general method to be adopted.) 
similarly, depends on the method of field work and the scale of the 
map. Small scale maps are used to represent a very large' area of 
country. Usually nothing is indicated e\(*ept the most iinpoitant 
features. The outlines of the largest bodies of water, such as o(*eans, 
lakes and rivers are represented as closely as is practicable. Impor- 
tant cities are represented by arbitrary signs such as dots and small 
circles. For special purposes (such as for railroad maps) the rail- 
road is represented in a very exaggerated way. But on the other 
hand, as the scale of the map grows larger, more and more of the 
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details can be represented, until on the larger scale maps, even the 
nature of the crops in individual fields will be represented by appro^ 
priate topographical signs. When the relief of the ground is to be 
shown, and especially if it is of importance to represent it with 
accuracy, the usual method is to show it by contours. Since these 
lines are apt to be mistaken for other lines, such as roads, rivers, 
etc., the device of employing different colors for the various topogra- 
phical signs is employed. ^Vhen one individual map is to be made, it 
is practically as easy to use the various colors as to employ the single 
color of black, and it is therefore usually wise to employ different 
colors for such maps. But when maps are to be printed the color 
method will require several impressions for each sheet, which is 
expensive. This feature will be discussed later. If it were practi- 
cable to take a photograph of the entire area of country to be surveyed 
from a balloon, which was at a sufficient height above the ground to 
be surveyed, it would give what might be considered in some respects 
an ideal representation of the area to be surveyed. But such a pic- 
ture would be in many respects useless. IMany small but most 
important features would be almost indistinguishable. The essence 
of proper plotting consists in representing, perhaps in an exaggerated 
form, those features which it is especially desired to show on the map, 
and omitting other details which are of no practical importance, at 
least for the particular purpose for which that map is made. The 
inetliod of plotting contours also permits an accurate repre.scntation 
of differences of elevation which would be unobtainable fn)m a bal- 
loon picture. 

Since the final result of a topographic survey is the map and 
since the nicthotl of surveying to be used dcpeiuls on the ^cale of the 
map and the nature of the physical characteristics which are to be 
represented on the map, the various methods of mapping will be 
first described. 


TOPOGRAPHIC MAPPING, 

5. Large Scale Maps. Topographic maps are frequently 
made as the basis on which to design constructive work, such as 
buildings, factories, dams, reservoirs, sewerage and waterworks 
systems, canals, railroads, etc. Each case has its own peculiar 
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represented and the accuracy with which they must be measured 
and plotted, but a scale of 100 feet per inch is usually large enough, 
unless the details are to be given with great precision or the whole 
area is so small that a scale of 50 or even 10 feet per inch will not 
make a large map. At a scale of 100 feet per inch, every building 
can be drawn in its actual form and dimensions (to the nearest foot), 
and even the separate rails of a railroad track may be clearly indicated. 
At such a scale, a map 30 inches square (including the border) will 
show about a half-mile each way or a quarter of a square mile in 
area. This is sufficient for many purposes and the scale is therefore 
largely used. There are but few natural objects (such as are usually 
required to be shown on maps) which cannot be shown in their 
natural scale. This, however, does not apply to the conventional 
signs used to indicate various kinds of vegetation — when it is required 
to show these. An accurate photographic view of these things 
would be useless as well as impracticable, and a conventional sign 
for each, which is frequently a suggestive indication of each on an 
exaggerated scale, must be employed even on the largest scale maps. 

6. Small Scale Maps. Even when large scale maps are 
separately drawn to indicate details at special places, there is a great 
advantage in having maps on a scale so small that a very large area 
may be shown on a single map of convenient size. On such maps, 
although the general locations of buildings, etc., are desii-ed, tlieir 
exact shape or size is comparatively of no importance. Tlie United 
States Geological Survey indicates residences even on maps of the 
scale of a])proximately one mile to the inch by minute scjuares of 
solid black. They are hut little over -j/, ^ of an inch s(|uarc, and, 
therefore, would indicate (strictly) a square building a littl(‘ over 
30 feet scjuare. Even a far greater approximation as to size and sliapt‘ 
would serve the purpose. As the area to be represent(‘d grows 
larger thi^ requirement must he met by (a) increasing the size of 
the map until it approaches the limit of convenient size for handling, 
(h) by making sectional maps, wdiich for some uses are impra(*ticabh‘, 
or (c) by decreasing the scale. When the scale is decreased tlu' same 
data may be showm by plotting the \vork finer. This has been car- 
ried to an extravagant limit by the United States Coast and Geodetic 
Survey, wdiose maps are exceedingly expensive to prepare, require 
the finest grade of draftsmen, and which almost require a microscope 
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to determine the details. Perhaps the most practicable method of 
decreasing the scale is by judiciously eliminating details which will 
have little or no value for the immediate purpose for which the map 
is made, or by modifying’ the conventional signs employed in such a 
way that they will convey sufficient information without sacrificing 
simplicity and clearness. As we decrease the amount of matter 
placed on a map, we increase the clearness and ease of distinguishing 
those things which are shown. The United States Coast Sunday 
maps, being made for general use, are so crowded wth minute 
details that they have a very “flat” appearance, each line being 
necessarily so very fine that it requires very close examination to use 
the map, and this renders it difficult to use the map in a “broad” 
way, with the eye at a distance from it. AMiile the inexperienced 
engineer should be very cautious to avoid the omission of details 
which might prove useful or essential and should err on the side of 
surveying and recording too much in the field, yet the experienced 
engineer will save time in the field and improve the character of his 
map by omitting details which his experience tells him will certainly 
not be needed in the work for which the map is to be used. Wlien 
an engineer is making a map for a special purpose, such as railroad 
work, he has no justification in crow^ling the map w'ith detail'^ w'hicli 
might be of Importance in some other kind of work, but which w’ill 
not under any circumstances be of importance in the contempiateil 
railroad con.struction. 

7. Contours. A contour is the intersection of the irregular 
surfa(*e of the earth by a level surface. The student should note 
that, although a level surface is practically a plane surface when 
small areas are considered, yet it is really a curved sunacv, being t!ie 
surface that the ocean would assume if it were to ri'>e in the as^iiiiicd 
le\el. The simplest method of appreciating the nature and locatinn 
of contours is to consider them as the shore lines formed l»y the ocean 
if its surface were to be raised successively to the dili'ereiil le\els 
assumed for each contotir. The various levels are alwa\s taken at 
ecpial vertical intervals, the intervals varying with the scale of tlie 
map and the character of the country. For the closest of detail work 
on a larger scale, such as might be used for landsca]>e gardening, a 
contour interval of one or tw’o feet might be necessary. But for onli- 
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topography required for preliminary railroad surveys is usually done 
with a 5-foot contour interval. The topographical surveys as made 
by the United States Geological Survey, and which are plotted at a 
scale of one or two miles per inch (approximately), are made with a 
contour interval varying from 20 to 100 feet, the 100-foot interval 
being necessary where steep mountain ranges are to be represented. 

There are certain principles regarding contours which the stu- 
dent must keep in mind and by which he may avoid errors in doing 
this work. Barring a few exceptional cases which will be mentioned 
later the following principles may be laid down : First, a contour is 
always a continuous line inclosing an area; second, since that area 
may, and frequently does, run off the map the contour may run from 
one edge of the map to any other point on the edge; third, a contour 
line is always a continuous line — it never stops abruptly; fourth, con- 
tour lines do not cross each other or merge into each other. The ex- 
ceptions to the above rules occur only where the contours run into an 
artificial vertical wall or a precipice which is actually vertical. In 
the very unusual case of an overhanging cliff the contours might 
actually cross each other very slightly, but with such exceptions 
which would be readily recognized when they occur, the above 
principles may be considered as true, and when the principles are 
violated on a map, it may be (‘onsidered as evidence of incorred 
work. Neatness of work requires that the contours sliould be inked 
in by lines of uniform color and width. In order to make surt‘ that 
the lines are of uniform width they should be inked in with a “ruling 
pen” and never with a “nib pen.” If the inking in of the contours 
is (lone in one continuous operation, the lines will probably have a 
more uniform color and thickness. The contour elevations are 
always given with reference to some datum plants such as sea l(‘V(‘l, 
and the elevations are always a multiple of the contour inter\aL 
For example, if the contour interval is 20 feet and the datum plaiu‘ is 
sea level, then each contour elevation will be a multiple of twenty, 
even though the whole tract is far above sea level, dlie contours 
might be at elevations 000, 0<S0, 700, 740, etc. Then the 000, 700, 
SOO-foot contours would be made extra heavy, and could be more 
readily distinguished even in steep places where the contours would 
be very close together. 
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The contours should be numbered at frequent intervals, so that 
the elevation of a contour at any point may be determined by following 
it for a very short distance to the nearest “ ladder” of numbers. The 
student is referred to Plates I, II and III for illustrations of this point 
as well as many others. 

Hachures. The representation of the relief of a country by 
hachures has been almost entirely superseded by the above described 
method of contours. Hachures are objectionable, first, because 
their representation with even a pretence of accuracy and neatness 
is exceedingly laborious; secondly, because at their very best 
they do not have the accuracy of contours; and thirdly, the map 
is so covered by them that other desired topographical forms are 
practically crowded out. The chief use of such a method is to give 
a general idea of the character of the country when the survey has 
not been made in suflficient detail to render possible an accurate 
representation of contours. Lender such conditions there is usually 
such a lack of detail on the map that the hachures will not crowd out 
the other desired topographical features. Incidentally the hachures 
when well done will make a very '‘pretty” map, when the map is 
really lacking in topographical detail. Maps of exploratory surveys 
are apt to have this character. The hachures can be used to give 
a very approximate representation of mountain peaks, gorges, etc., 
whose forms are determined only by very approximate sketching 
when the o])server is possibly one or two miles away from them, and 
al)^()hitely no instrumental work i^ resorted to in tletermining their 
ele\ation. In order to c*on^truct hachures with an approximation 
of accuracy it i.^ desirable to sketch in contour lines with a pencil at 
c‘(|ual vertical intervals. The hachure^ are lines which are assumed 
to be |)erpendicular to a contour line at every point of tlieir lengtli, 
or in other words, and speaking geometrically, they represent in each 
case and at e\ery point of their length the steepest line at that point 
of the surface. On this principle the lines should be perpendicular 
to the contour lines and also perpendicular to any intermediate con- 
tour which might l)e interpolated betw'een the contours which are 
drawn. This means that the hachures should l)e in general nuav or 
less (*ur\ed. (The student .should study Fig. 1 while reading this 
explanation.) The steepne.ss of the slope wall therefore be indicated 
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indicated still more graphically by increasing the thickness of the 
hachures on the steeper slopes. In other words, hachures are made 
shorter and wider for steep slopes and longer and narrower for 
flatter slopes. The method of hachuring has been developed so as 
to attempt to indicate the degree of slope by a systematic variation 
of the distance between the lines, but this method is exceedingly 
laborious and very inaccurate unless an amount of time is spent on 
it, which is very wasteful and impracticable. The general principle 
in hachure representation is that the darker the shading the steeper 
is the slope, and that any considerable space in white means a sur- 
face which is practically level. In Plate IV is shown a representa- 
tion of the hachure method as employed on a large scale by the 
United States Coast Survey. The student may at once observe the 

exceedingly laborious char- 
acter of the work and the 
fact that the hachures cover 
up a space which might 
otherwise be utilized in the 
representation of other top- 
ographical features. Ilach- 
iires have the advantage of 
calling attention to tlie steep- 
ness of slopes, wliic'li may be 
of extreme importance on military maps where accniracy is by no 
means essential, but on which the fact of a steej) slope, ('ven if it 
is no more than a bank of earth, is of importance. Hachures may 
thus be used to represent an artificial or natural embankiiuMit when 
there is no other representation on the ma[) showing any relief f(*a- 
tures of the ground. 

Plate V illu.^trates the Coast Survey inetluxl of repr(‘seiiting 
relief by means of contours and yet employ but one color. A com- 
parison of Plate V with Plate III shows at once the grc'at value of 
using three colors to represent the various topographical features. 
It also shows the practical difficulty even by the competent draftsmen 
employed by the Coast Survey to make such a completed map in but 
one color. Although the contours are undoubtedly more accairate 
and will give a close approximation of the elevation of any desired 
"noint. vet the hachiirefl inan r^f Plntp T\ r^lc^nuino* 



Pig. 1 Hachures (Dotted Lines Indicate Pencil 
Coubtiuction Lines \^hlch are Eveutiially 
Erased.) 





RELIEF MAP OF PANAMA CANAL ZONE 

Photograph by HoweWs Microcosm, Washington, D 
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8. Determination of Contours. The method of d€t< 
tion of contours depends on the scale of the map and of the 
with which the work must be done. Several methods ar 
cribed which vary in accuracy, in the instruments emplo 
the labor required for doing the work. 

“Ghridiron'’ method. This 
simple method consists in estab- 
lishing a gridiron of squares 
or rectangles over the desired 
area and determining the eleva- 
tion of each intersection point. 

The great advantage of this meth- 
od is its simplicity. The disad- 
vantages are that neither the con- 
tours nor the salient points will 
in general agree with the points determined. Many points are 
observed needlessly while other essential points located within the 
rectangles are only determined by approximation from adjacent 
points. The work may be done approximately with hand level, 
rod and tape, but a transit and wye-level are also used with this 
method. 



“ Cro.ss-sccfioii ” method. A broken line, consisting of straight lines 
between instrument stations is run with a transit or other auirle 
ineaMirer and a tape. At certain intervals, usually 100 feet, cross 
lines are run at right angles to the traverse lines. See Fig. 8. The 

1 ci i ]»-<;+ n+mne OVfi oil /l<a+c»T'i nn/1 
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them the elev^ition and position of points on the offset lines become 
known. Usually the intersection of the offset lines with the various 
contours is determined. The method of doing this is illustrated in 
Figs. 4 and 5. Knowing the elevation of the sub-stations, a point 
on the offset line is readily found by trial which is at the required 
contour elevation. The location of points with vertical intervals of 

5 feet is then very simple, as 

^ shown in the figure. The con- 

il'-VI trr.l I -f. -P tours are thus determined di- 

P rectly. The above methods 

are only used when the areas 

are comparatively small (but 
perhaps of indefinite length. 

Pig. 4. Locating Contours. ^ m i i o ^ 

as in railroad work), or when 
the contour interval is small and close results are essential. 

'^Stadia'' method. This method has a skeleton like the traverse 
method, but even the distances between stations and their elevations 
are obtained by the stadia system. No 100-foot sub-stations are 
located. From each station point, '^shots’’ are taken to all desired 
points, not only for the sake of establishing contours but also to locate 
all desired topographical features. Incidentally the elevations of 
these points, which would be determined, will assist in determining 
the contours more closely. It is generally found in practice that when 
all desired details have been lo- . . . , , 


— !/ "W 


cated in position and elevation, " 

the contours are determined with 7 _ I _ / , _ _ _ _ _i _ / ; 

but few, if any, additions of ; / 

points which are located solely ] / \ / •' / i .©/ i 

for contour purposes. The math- |/ "j 

ematical theory of the stadia has ■j/A"! / 1 — j/ “j — 

already been given in Plane Sur- jyL_j__yL.| 
veving, and therefore will not be * * * ’ * 

, T 1 ^ Fig 5 Contours— in Note Book. 

repeated here. Only practice will 

teach the engineer how to locate the stadia points so as to obtain all 
the necessary information and also to obtain the most information 
with the least surveying. 

9. Plotting the Contours. As before stated, the points are 
supposed to be so located that straight lines ioining any two adiacent 


f-r- 




Fig 5 Contours— in Note Book. 
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points will lie approximately in the surface of the ground. On this 
assumption tlie location of any contour which comes between two 
located points is a mere matter of dividing the horizontal distance 
between the points into parts which are proportional to the differences 
of elevation of the given points and the contour. For example, the 
elevation of one point is 162.0 and of another 167.8. The 165-foot 


contour will evidently lie between them and at 


165.0-162.0 
167.8 -162.0 



horizontal distance between them from the lower point. This is the 
theoretically exact solution. But since it depends on an approxima- 
tion the experienced draftsman can make a rapid mental solution 
of the proportion which will be as accurate as the data justifies. If 
there are two or more inter- 


mediate contours the same 
general method may be ap- 
plied for each, but the sim- 
plest method will be to 
locate first the contours im- 
mediately adjacent to each 
point and then interpolate 
any intermediate contours. 
After determining where 
each contour will cros.'^ the 



line joining each pair of sur- 
veyed points the contours may he drawn in by c(Uinecting the cor- 
responding intersections. Practical modifications of thi'i theoretical 
method will be made by the topographer or draftsman to allow for 
minute \ariation.s in the contour‘d which may be sketched in with suf- 


ficient ac'ciiracy siiiC'C the area between determined points will always 
be small. 


Practice among topographers varies very greatly in the details 
of obtaining contcairs, varying from the one extrciiic of making the 
method as purely meelianieal as possible (whieli implies excessi\t‘ 
w’ork if it is at all aeeiirate) to the other extreme in whieh instru- 
ments are only used to obtain a few' points of eontrcjl and then to fill 
in the intermediate spaces by sketching. IMen of long experience 
will do marvellously close w'ork with very few and very simple instru- 

J. 1 - X J.1. • 1 *11 1 T * 1 1 ___ 11 1 X . 
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ing with close instrumental accuracy all of the important points and 
contour points with close frequency, only depending on sketching 
to fill in very small areas in which inaccuracies would be unable to 
accumulate. 

10. Telemetry. This name is applied to the various methods 
of measuring distances without the direct use of a tape or chain. 
No space will here be given to a description of the many ingenious 
but essentially impracticable special instruments which have been 
devised for this purpose. In general they are incapable, for prac- 
tical reasons, of giving accurate results, or else they are expensive to 
construct, heavy to carry, comparatively useless for other purposes, 
and therefore not generally adopted. The three methods hereinafter 
described have the advantages that they are merely attachments to 
an engineer’s transit and that the additions to the weight and cost of 
the instrument are comparatively insignificant. 

11. Vertical Arc Method. From one standpoint, this method 
hardly deserves to be classed as a regular method. Its disadvantages 
are so great that no one should depend on it as a standard method, 

but it is frequently useful when 
no other method is available. 
The essential principle is that 
of the solution of a triangle, of 
which one side and two angles 
are known. The rod is supposed to be held vertically. In the 
special and most simple case shown in Fig. 7, a rod reading is 
taken with the line of sight level. Then a rod reading is taken with 
the line of sight inclined at some measured angle. In the right- 
angle triangle thus formed the horizontal distance ecjuals the rod 
reading divided by the tangent of the vertical angle. But in general 
the rod will be at some elevation with respect to the ti’ansit so that 
neither line of sight is level. In Fig. Si the angles a and h are both 
measured. The angle c ~ 90° — a. Then in the triangle/ J 11 two 
angles and a side are known and the two other sides may be com- 
puted, and from them and the vertical angles the true horizontal dis- 
tance and the difference of elevation may be computed. The one 
advantage of this method is that it can be used with any transit, 
which is provided with a vertical arc. The disadvantages are many; 
(a) two vertical andes must be measured and recorded for each noint 


Fig. 7. Vertical Arc Method 
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observed; this adds to the field work; (b) an oblique triangle and then 
a right triangle (or two right angle triangles, as illustrated) must be 
solved for each point observed; this makes the office work very labor- 
ious, and it is impracticable as a regular method, in spite of the fact 
that it may be systematized by tabulating the results for even values 
of the vertical angle, the most convenient even values being used and 
the corresponding rod readings 
observed; (c) the practical ac- 
curacy obtainable is vitiated by 
the fact that the transit is han- 
dled and the telescope is moved 
in the interval of taking the two 
readings; if the base of the in- 
strument were mathematically 

. Ill* <1 1 . Fig- 8 . Vertical Arc Method-Sloping 

immovable during the complete Ground, 

operation (as it is assumed to be) 

there would be no trouble, but it is practically known that a micro- 
scopically minute jarring may take place which may be enough to 
vitiate the accuracy of the work done; (cl) at a distance of 300 feet, 
and a rod reading intercept of 5 feet, the vertical angle would he 
0° 34' (to the nearest minute); the vertical arcs of most transits will 
not read closer than minutes and many of them are not depeiulahle 
even for that; in the above case, an uncertainty of one-half minute in the 
vertical angle would mean an uncertainty of over seven feet in the (li^- 
tance, which demonstrates the practical limit of accuracy of the method. 

E.vcnnplc. In Fig. S let the angle a -- 3° 30', the rod reading 
being 1.72, and the angle b — 4*^ 30', the rod reading being f).43. 

F^OIl^ the fii;ure we nuiy write 

j A' J K J_- J IT 

^ taii4°.jU' ~ tan 5° 30' 



K J tan 30' ^ K J tan 4° 50' - J II tan 4° 50' 
K J (tan 5° 30' - tan 4° 50') ~J II tan 4° 50' 
r- -J n tan 4° 50' , 


(tan5°30'-tan4°50'j 
K,I 0 15-172 


J II = 0.45 — 1.72 


.. I K ~= - - — — - 40.) teet 

tan4°.50' (tan 5° 30' - tan 4° 50') .01173 

K J -- 403 X tan 4° 50' 34.0S. K G --- 34.0S + G.45 -= 40.53. 
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If the height of the instrument, I L, = 4.90, then the difference 
of elevation of L and G is 40.53 — 4.90 = 35.63. As an illustration of 
the probable inaccuracy of this method, a variation of one-half 
minute in the value of either of the vertical angles will make a differ- 
ence of over five feet in the computed value oi I K. 

12. Qradienter Method. The instruments for gradienter 
work are shown in Figs. 70, 71 and 75, in Part II. of Plane Surveying. 
The fundamental principle and use of the gradienter is described in 
the first part of Part III of Plane Surveying, and it therefore will not 
be repeated here. The method of using the gradienter to obtain 
distances and differences of elevation when the line of sight is inclined, 
are also given, and it is shown that the reduction equations are exactly 
the same as those required for stadia work. The practical difference 
between gradienter and stadia work, therefore, lies in the relative 
rapidity of the mechanical work and in the relative accuracy obtain- 
able. It should be noted that the gradienter requires two settings 
of the horizontal cross-wire on the rod. This is sometimes done by 
setting the screw of the gradienter at certain even divisions, so that 
it is turned, say 2, 3 or 4 whole revolutions between the two sights 
and then reading the rod at whateverreading there may happen to be; 
or the two readings on the rod are taken at even-foot divisions on 
which tlie cross-wire is more easily set, and then the screw readings 
are read at whatever point they may happen to be. The latter 
method is probably the more accurate and rapid, especially if two 
targets placed on a level rod have been used to sight at. For all 
inclined sights the vertical angle must also l)e read. The time re- 
quired is greater than that for stadia work, but the worst feature of 
the gradienter method is the limitation of practical accuracy. The 
theory presupposes that the base of the instrument is absolutely rigid 
during the complete operation of taking the upper and lower readings, 
but the telescope must be moved, the instrument must be touched, 
and the gradienter screw turned between the taking of the two read- 
ings. The mere fact of touching it and the interval of time re([uired 
between the two readings is often suflicient to cause a motion of the 
instrument, which, although microscopically minute, will l)e sufficient 
to \itiate tlu‘ accuracy of the work done, and unfortunately there is 
no j)ractical means of detecting whether any such inaccura(*y has 
actually oc'curred. In stadia w’ork no motion of the instrument is 



PLOTTING AND TOPOGRAPHY 


15 


made between taking the upper and lower readings. The instru- 
ment may (and should) be absolutely untouched. The eye can 
examine the reading for both upper and lower wire repeatedly to see 
whether any motion has occurred in the very short interval of reading 
the separate wires. In the case of the gradienter, the motion may or 
may not take place. Even if no inaccuracy were caused in this way, 
even once in a hundred times, there is always the uncertainty and 
impossibility of detecting such an error unless the readings are 
repeated, which, of course, would be a great waste of time. The 
method of reduction of stadia observations by means of tables, dia.- 
grams, or logarithmic slide rule, which is elaborated further on, may 
be applied equally well to the reduction of gradienter observations. 

The disadvantages of the gradienter may be summed up as fol- 
lows: (a) The screw thread wears rapidly until it becomes inaccurate; 
(b) it requires considerable time to take each observation as it should 
be taken; (c) the possible jarring of the instrument while any one set 
of observations are being taken makes the results uncertain if not 
actually inaccurate. The chief advantage lies in the facility with 
which lines of any desired grade may be run. After being properly 
levelled, the number of turns and fraction of a turn indicates immedi- 
ately the grade of the line of collimation of the telescope in per cent, 
i3. Stadia Method. The theory of the stadia has already been 
given in Plane Surveying (pp. 120-125), and therefore, will not be 
repeated here. The methods of making and recording the field 
observations were also elaborated. The work of “reducing” the 
observations is, however, very laborious, unless it is facilitated by 
some of the methods hereafter described. In general every observa- 
tion is made at some angle above or below the horizontal. Tlieoreti- 
(•ally this reduces the nominal horizontal distance somewhat and 
re(}iiires a c-ompiitation for the difference of elevation. Practicallv, 
the correction for the horizontal distance is too small for notice when 
the vertical angle is very small, but even the limitations of that cor- 
rection must be known by (‘omputation. Restating the ecjiiations 
given on page 125 of Plane Surveying we have 

I lor. Dist. X { s' cos' 7 (/ f r) cos 7, and 

t 

Dilf. Kiev. B J\ = ^ siii 27 (/ c) sin 7. 
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In these equations s' is the rod intercept, / the focal length, i the 
distance between the stadia wires in the telescope and I the angle of 

inclination of the line of sight. ^ is usually made 100. 

14. Numerical Accuracy Obtainable in Stadia Measure- 
ments. Of course, a vertical arc is an essential feature of a transit 
used for stadia work, but the accuracy of the vertical angles depends 
on the accuracy with which the whole instrument is levelled. The 
plate bubbles of an ordinary engineer's transit, while amply accurate 
for their primary use of making the plates so nearly horizontal that 
the accuracy of horizontal angles is not vitiated, seldom have a suffi- 
cient accuracy to obtain vertical angles as close as the nearest minute 
of arc, and frequently their accuracy is far less than this. One method 
of obviating this inaccuracy is to determine by repeated reversions of 
the instrument, while it is being set up, that the horizontal plate is 
truly horizontal, or in other words, that the vertical axis is truly ver- 
tical, thus eliminating any error of adjustment of the plate bubbles. 
But even this method, unless repeated every few minutes at a costly 
sacrifice of time, will not prevent inaccuracies due to the settling 
of the instrument; nor will it at its best render possible any close 
accuracy of the vertical angles, since the bubbles are not sufficiently 
sensitive. A transit for stadia work usually has a large bubble 
underneath the telescope, which Is much more sensitive, and on 
which a movement of 30" of arc will correspond to about one division. 
Even if this bubble is in perfect adjustment, it will be necessary 
to make a test every few moments by clamping the telescope at 
exact horizontality and noting whether the vernier of the vertical arc 
reads zero or reads the amount of its "'index error." When it does 
not do so, it indicates that the instrument has settled somewhat in 
the ground and has thereby become thrown out of level to some extent. 
A far better method is to have the vernier of the vertical arc* readilv 
adjustable and with a sufficiently sensitive bubble attaelu'd to it. 
When this bubble has been properly adjusted, any slight motion of 
the instrument due to settlement can be readily neutralized by an 
adjustment of the vernier arc, which will then give each vertical angle 
correctly. But it should be noted that since vertical angles are only 
read to single minutes, the sights should not be made excessively long 
except when they are taken merely for somewhat approximate pur- 
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poses in which a considerable inaccuracy would be tolerable. For 
example, at a distance of 1000 feet a difference in vertical angles of 
0® 1' will equal .29 of a foot or 3^ inches. Such a stadia shot would 
be justifiable at that distance to obtain a “contour point, but unless 
the whole work was approximate, a stadia station should not be 
located with such inaccuracy. On the other hand, for short distances 
the stadia method gives results which are amply accurate for its pur- 
pose. It is not, of course, supposed that the method would be used 
to replace wye leveling. But when, as is usually the case, the stadia 
method is used for preliminary surveys or else to fill in the topography 
between the points whose relative positions and elevations have 
already been determined by triangulation and by leveling, then errors 
have no chance to accumulate and the method has the combined 
advantages of great rapidity, cheapness and sufficient accuracy for 
the purpose. One great bar to its use has been a lack of knowledge 
regarding the principles involved or a lack of knowledge of the fact 
that the reductions can be so readily made by means of slide rules. 
Much of the work now being done is “reduced’' by the use of tables 
and numerical multiplications, which are certainly very slow and 
laborious and which w’ould almost condemn the method for practical 
use if they could not be avoided. In making the above reductions, the 
student can solve them by the use of trigonometrical tables, although 
that is the most laborious method. A set of stadia ta})les (see Table I) 
is given with this course of instruction, and the student should solve 
the problems given later on, using these tables; if in adtiition he can 
secure the use of a stadia slide rule, he can determine for himself the 
economy of time obtainable. Of course the .student mu^t expect 
that it will be a little difficult at first to ii^e any ^tadia .slide rule until 
he l)ecomes accu.stoined to its manipulation, but a .short experience 
with it will convince him that it will pay for itself in a very few days. 
If po.ssible, the student shoiikl solve the problems (as well as others 
which he can himself make up) by all of the three methods referred to, 
and thus determine for himself the relative facility of doing the work 
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OFFICE WORK. 

15. Reduction of Observations. The ordinary numerical 
trigonometrical reduction of each observation by the equations of § 13 
is so laborious that such a practice would render the method impracti- 
cable; (/ + c) is usually about 12 to 15 inches; cos I is always less 
than unity, but for ordinary small angles is but little less than one; 
therefore (/ + c) cos I is always very nearly one foot. Considering 
that one foot is the smallest unit of measurement which it is practi- 
cable to use in observing stadia distances, the practical accuracy is 
not vitiated by considering that term invariably as one foot. When 
the angle I is about 5° 45', cos^ I =.99 and the horizontal distance 
would be 1 per cent less than its nominal value of 100 s', or 100 times 
the rod reading. At one-half this angle (2° 52') the correction would 
be about } of 1 per cent. This gives an indication of when the cor- 
rection will be large enough to deserve accurate computation. It 
may be also observed that for small angles sin I is nearly equal to 
i sin 2 7; for 10^ the discrepancy is about J of 1 per cent; therefore 
we may say approximately that the difference of elevation B N= 
(100 s'+ 1) (i sin 2 7). For angles of less than 10°, such as would 
usually be the case between stadia stations when the levels are particu- 
larly important, the error is a very small fraction of an inch and unob- 
servable with the instrument. Even with a vertical angle of 30°, the 
error of the approximation would be less than 0.1 foot, which is the 
lowest unit for contour levels. We may therefore deduce the follow- 
ing practical method in which all approximations are within the 
lowest units of measurements. For small vertical angles, the hori- 
zontal distance equals 100 times the rod reading plus one foot. For 
larger vertical angles multiply 100 times the rod reading by the scpiare 
of the cosine of the angle of inclination and add one foot. The prac- 
tical method of doing this will be given later. For the difference of 
elevation, add one foot to 100 times the rod reading and multiply 
this hv one-half the sine of twice the angle. There are tliree shortened 
methods of accomplishing these trigonometrical multiplications; 
(a) iahlrs, (/>) cUaaraiius, and (c) slide rules. 

The first is by means of tables which shorten the operation to 
the extent of giving directly cos~ I and \ sin 2 7 for all desired values 
of 7, hut this involves two numerical multiplications which are tedious. 
See Table I. 
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The second method is by means of a large chart or diagram. 
There are many forms of these, but they are usually essentially as 
follows: there are two sets of ordinates, one representing distance 
(the nominal rod reading times 100) and the other the desired quantity. 
Lines are drawn from the origin for each desired angle so that the 
intersection of any angle lines with any distance ordinate will give 
an ordinate of the other system which will give the desired quantity. 
The practical difficulty lies in the fact that if made conveniently 
small, the scale is so small that the results are inaccurate. When 
they are sufficiently enlarged they are clumsy to handle. The larger 
sizes should be used and they are capable of good work. 

The third method is by means of slide rules. These are but an 
adaptation of the ordinary slide rule since the process is merely one 
of multiplication. One scale is marked with degree and minute 
marks at the proper places for the numerical values of those trigono- 
metrical functions. By setting the zero of the angle scale at the 
given distance (100 times the rod reading) on the other scale and then 
noting the mark for the observed vertical angle, it will be found 
opposite the required difference of elevation. The true horizontal 
distance may be most easily found by modifying the above formula 
so as to compute the correciion to the horizontal. Cos" = 1 - sin". 
Therefore by multiplying 100 times the rod reading by sin" /, we 
obtain a correction, which is seldom more than o or 10 feet, which is 
subtracted from the nominal distance. In the practical u^e of the 
scale it will be found that this (juantity may be more readily read off 
from the scale tlian the true horizontal distance, and as it is only a 
few feet the subtraction is readily made mentally while it is being 
recorded. Colby’s slide rule only gives the difference of elevation. 
The K. (S: E. stadia slide rules are engine-divided on white facings 
and give botli the difference of elevation and true horizontal distance 
with one setting of the rule, but the length of the logarithmic unit is 
very short, wdiich makes it correspondingly difficult to obtain close 
values. The Webb .stadia .slide rule has a logarithmic unit 12.3 
inches long, wdiich w'as made po.ssible by the u.se of tlie cylindrical 
principle, and this enaliles the values to be easily read wdth as c‘l(')se 
accuracy as.stadiawwkwdll justify. The horizontal distance is obtained 

TM I ti ri Ck It rkiM r// +«i 1 rT»/TTTT 
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16. Numerical Examples. 1. The rod reading for a stadia 
shot was 3.74 and the vertical angle was + 6° 22'. What is the true 
horizontal distance and the difference of elevation ? The horizontal 
distance would be, according to the approximate rule, 100 s' cos^ I. 
Cos 6° 22' — .9938. Squaring this number we have .98765, which, 
multiplied by 374 = 369.4. Adding 1 foot we have 370.4. The 
only approximation in the above is on the assumption that (/ + c) 
cos 7 = 1 foot, but as before stated, the error of the approximation 
is so small that it may be disregarded. In fact, the tenths in the dis- 
tance given aboye should also be disregarded, since the rod reading 
is taken only to the nearest hundredth of a foot, which corresponds 
to an even foot in horizontal distance. The difference of elevation 
is evidently equal to ^ X 100 X 3.74 X sin (2 X 6° 22') + (/ + c) 
sin 6° 22'. This reduces to 41.22 + 0.11 = 41.33. Since sin 
0o 22' = .1109 while ^ sin 12^^ 44' = .1102, the approximation 
referred to above only equals .0007 (f + c) which equals in this case 
.0084 inches when the (/ + c) = 12 inches. Since it is useless to 
attempt to take levels closer than 0.01 of a foot which equals .12 of an 
inch it is thus seen that the above approximation is far 'within the 
limits of accuracy. Therefore we can see at once that the difference 
of elevation equals (374 + 1) > sin 27, which in this case equals 41.33, 
which is the same value as before. 

The above solution was made by the long and usually Impractic- 
able process of taking the multipliers from an ordinary trigonometrical 
table. The method is simplified by employing what is called a 
“stadia reduction table,’' such as is given in the back of this hook. 
Looking in tlie column headed 0° we find opposite 0° 22' the \'alue 
0S.77. If we multiply 98.77 by 3.74, the rod reading, we obtain 3(>1).4 
as before; adding 1 we have 370.4. For the difference of elevation 
we multiply the numi)cr corre.sponding to G° 22', which is 11.02, !)v 
;l.74, ami obtain 41.21. This practically is the .same value as before, 
tlie (lifferenee, which is really but a fraction of a hundrccltli of a foot, 
beiii<; eau.sed by a slight inaccuracy in the last figure in the table. 
At the bottom of the table we find that when f/ + c) — 1, a.s we have 
a^Mimed above, the riuantity to be added for difference of elevation - • 
.11, which gives a total of 41.32, which is the value we previou.sly 
obtained by the long process. This process is therefore considerably 
shorter than the first, although it involves two multiplications. The 
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third method is to use a diagram. As it is impracticable to illustrate 
a diagram which would have any practical value for this purpose on 
the pages of such a book, we must be content with a mere description 
of the process as described in section 15. Stadia slide rules are illus- 
trated later on. (See Section 33, Figs. 25, 26 and 27.) To use them 
we simply need to set the zero of the angle scale (or perhaps some 
other specified mark in a multiple scale) opposite the mark on the 
distance scale which represents the rod reading; then opposite the 
mark on the angle scale, which indicates the angle of elevation or 
depression, we may read directly on the distance scale the difference 
of elevation. For example, in the above case, and using the Webb 
Stadia Slide Rule, we would set the left-hand end of the scale, which 
gives the “difference of elevation’^ and which contains the angles 
between 6° and 7°, on the mark indicating 375, then looking for 6° 22' 
on the angle scale, w^hich w^ould be found by interpolating between 
the mark for 6° 20' and 6° 25", w^e may read at once 41.3. This is 
always sufficiently accurate for contour work, and unless extreme 
care has been taken to have the instrument in perfect adjustment it 
is as close as the difference of elevation can be depended upon at a 
distance of 375 feet. This operation requires but a few seconds of 
time. To obtain the correction to the horizontal distance, we place 
the left-hand end of the rule giving “Hor. corr.’’ for 6® 22' on 375 of 
the main scale and note that the angle marked 6° 22' occurs at 
of 460, showing that the horizontal correction is 4.6, which would 
give the true horizontal distance as 370.4 as before. This is even 
more accurate than is nece::5sary, and we would call the true liurizontal 
distance the even number 370 feet. 

E.vam pic 2. Verify the following results obtained w ith an iu'^trii- 
ment whose (f -i- c) — 12 inches. It should be noted that a large 
vertical angle is not usually combined with a great distance, as that 
would mean an extreme difference of elevation. The following 
examples have purposely been chosen to cover almost every ca>e that 
will occur in actual practice; nameb, short distances and slight differ- 
ence of elevation; long distances with small vertical angle; and short 
distances and large vertical angles, such as occur when surveying 
through a gorge and side shots are taken up the steep banks of the 
gorge. The student should note in each case that the approximate 
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Hod Reading. 

Vert. Angle. j 

Dili. Elev. 

True Hor. Dist. 

1.34 

+ 0° 14' 

+ .54 

135' 

8.76 

H- 0° 12' 

+ 3.06 

877' 

4.22 

- 7° 06' 

- 51.9 

417' 

0.96 

+ 25° 15' 

+ 37.47 

80' 


17. Reduction of Field Notes. This topic is mentioned chiefly 
with a view of giving a warning. With a few exceptions which 
will be noted, there should be no such thing as a ''reduction of field 
notes,” or in other words, the notes taken in the field should be com- 
plete and the surveyor should never wait to get back to the office and 
then depend on his memory to complete the notes. A desire to make 
the notes neat and to do the work under more favorable circumstances 
of oflSce surroundings and suitable temperature, will often tempt the 
surveyor to make the field notes very meagre and then depend on 
them and on his memory to make a more complete set after the office 
is reached. Under special circumstances this may be justifiable, but 
in general every essential fact should be recorded in the field. The 
only exception to this may be stated in a broad way to be such reduc- 
tions and additions as can be unmistakably made from the field 
notes taken. An example of such reduction is the computation of 
the difference of elevation and the correction to the horizontal dis- 
tance which must be computed from stadia measurements. When 
circumstances will permit, it is preferable to make even these reduc- 
tions in the field, as may be readily done if a stadia slide rule is used, 
and then plot the work on a sketch board. The surveyor should 
cultivate the habit and ability to make sketches in the field which 
shall be approximately to a correct scale and which will settle in- 
disputably the ambiguity which often arises from field notes ex- 
pressed simply in words and numbers. Therefore with the excep- 
tion of mathematical processes, which are perfectly definite and which 
may be made more conveniently in the office after the surveying 
work is done, there should be no "reduction of field notes.” 

18. Plotting of Farm Surveys from Field Notes. Some of 
the statements in the last paragraph apply especially to this subject. 
A sketch of the farm, as is illustrated in "Plane Surveying,” page 119, 
Fio*. ^3. should alwavs he made in the note honk J^iieh a sketeh 
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of even greater importance than the more formal notes in columns 
such as are illustrated on page 118, for the sketch alone would serve 
the purpose if care is taken to record everything on it, while the notes 
in columns are frequently subject to ambiguity. To put it more 
strongly, it requires the greatest skill to make the formal notes so that 
they will not be ambiguous. The plotting of farm notes will there- 
fore consist of making a copy of the sketch, but with all dimensions 
drawn accurately to the desired scale instead of roughly and inac- 
curately as in the sketch. The scale of sketch to be adopted of 
course depends on the amount of detail which it is desired to show 
on the map. If possible, the map should be oriented so that the 
meridian points up, but this may be impracticable on account of the 
form of the farm, or the direction of its longest dimension. As a 
matter of practical accuracy, the direction of the meridian line should 
be immediately determined by penciling a long line that runs approxi- 
mately through the center of the map, then all lines should be plotted 
in accordance with their angle from this meridian line. If latitudes 
and departures have already been computed it is far more accurate to 
determine the direction of the boundary lines by scaling off the lati- 
tude and departure of each line. If it is necessary to use a protractor, 
then the protractor should be as accurate as possible. The very 
small protractors having a radius of about 2 inches, which are fre- 
quently found with a cheap set of drawing instruments, are worthless 
for accurate topographical plotting. If a protractor must i)e used, 
it is far better to purchase an 8-inch or even a 14-inch paper i>r()tractor 
which can be bought for 20 or 40 cents. AVith care this will la^t a 
long time and will be far more satisfactory than the small metal or 
horn protractors which are frequently used. 

Another method of laying off* angles accurately is to u^e a table 
of natural tangents, using a decimal scale, say 20 to tlie inch. Five 
inches of this scale is diviiled into 100 parts and by interpolatiop it 
may be read to 1000 parts. Lay off* this o inches cjii a line and erect 
a perpendicular to that line at the o-inch point. Suppose tliat the 
angle to be laid oft* is 16° 45'; the natural tangent taken from a tal)le 
is 0.301. Therefore, scale oft* on the perpendicular with the “20 
scale” 30.1 divisions. A line to the starting point will make the 
required angle of 16° 45' with the given line. Since the length of 
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approached 90®, the preferable method would be to erect a perpen- 
dicular to the given line at the point from which the angle was to be 
made; lay off the 5 inches on that perpendicular, erect a line perpen- 
dicular to it (or parallel to the original line) and determine the tangent 
of 90® minus the given angle. Of course, if still greater accuracy is 
desired, a longer base line than 5 inches can be used. Other details 
of the plotting of farm surveys, which are applicable to other forms 
of plotting, will be given subsequently. 

19. Plotting of Profile From Level Notes. Profiles are al- 
most invariably plotted on “profile paper.’^ There are three gen- 
eral methods of ruling the lines on profile paper, and the paper 
adopted will depend somewhat on the use to be made of it. Vertical 
lines are ruled I inch apart, sometimes ^ inch apart. Horizontal 


I 



lines are ruled 20, 25 or 30 to the inch. The paper comes either in 
sheets about 42 inches long and 15 inches high, or else in rolls which 
are 10 or 20 inches wide and 50 yards long. Sometimes the paper 
is mounted on muslin and sometimes the rulings are made on tracing 
paper or on tracing cloth. The levels are always referred to some 
datum plane, which is lower than any elevation to be recorded. Kach 
fifth horizontal line is ruled somewhat heavier than the others and 
one of these lines should be selected as the line indicating some even 
multiple of 5 feet above datum plane. Some little ingcmuitv is often 
necexsary to choose the proper line, so that the profile will run neither 
too high nor too low. The scales, both horizontal and vertical, 
which aie to be used, must be selected with reference to the character 
of the w’ork to be shown. The horizontal scale will usually vary 
from 100 to 400 feet to the inch. At a scale of 400 feet to the inch, 
each vertical line therefore corresponds to 100 feet of horizontal dis- 
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tance. Usually each horizontal 
line (spaces ^ of an inch apart) 
means 1 foot of elevation, or in 
other words, the vertical scale is 
20 feet to the inch. Since the 
engraved lines usually cover a 
vertical space of 15 inches, this 
scale will allow a range of profile 
of 300 feet. If 20 feet per inch is 
chosen as the vertical scale, and 
the total vertical range of the 
profile does not exceed 300 feet, 
then the whole profile may be 
placed without a break on such 
a sheet, but the choice of lines 
to represent any given elevation 
must be made accordingly. When 
a larger vertical scale is chosen 
or the range of elevation is gi eat- 
er, as it is apt to be for a con- 
tinuous railroad profile, a break 
may be made by raising or lower- 
ing the profile an even number of 
feet; for example, bv making a 
change at some vertical line by 
which the elevation indicated by a 
given horizontal line is abruptly 
changed, .^ay 100 or 200 feet. 

]\Iark on the profile sheet the 
elevation corresponding to the 
horizontal lines and also the dis- 
tances corresponding with the 
vertical lines, then having re- 
corded in the note-book the eleva- 
tions above the datum plane of 
every desired point in the profile, 
plot each point at its proper po- 
sition accordino* to the horizontal 
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scale and likewise according to the vertical scale. A line drawn 
through these several points will give the profile of the surface. If 
it is desired to establish a given grade line on that profile, the location 
in distance and elevation of flie governing points of that grade line 
should then be plotted and the grade line drawn through them. 
Usually this grade line will lie alternately above and below the sur- 
face line and we thus have a graphical representation of the amount 
of cut or fill required at any point. 

20. Plotting of Stadia Survey Notes. Stadia surveying is 
almost invariably based on a skeleton which has been surveyed with 
a higher grade of accuracy than is possible with mere stadia work. 
This skeleton is usually made by triangulation, and therefore errors 
cannot accumulate beyond those incident to a survey between two 
triangulation stations. Of course, the sub-stations between the tri- 
angulation stations are determined wholly by stadia measurements, 
and if the area to be surveyed is very small, this may constitute the 
skeleton of the whole work regardless of any triangulation stations. 
If triangulation has been used, then the triangulation stations should 
be first plotted with all the accuracy that is possible. The next step 
will be to run the traverse lines which connect the stadia sub-stations 
and which run between the triangulation stations, as well as shorter 
traverse lines which might be used to connect stadia stations and form 
a net work. The stadia w^ork for the lines between stations should 
be done with such accuracy that there is no appreciable error or 
closure when connecting the triangulation stations. If any such 
error is found, it should be investigated, and if it amounts to a great 
deal, it may indicate some gross blunder in the field work. One 
method of investigating such blunders is to compute the latitude and 
departure of each course of the traverse. The algebraic sum of tliese 
should be the latitude and departure between the two terminal sta- 
tions, and the amount of the discrepancy will indicate whether it 
should be ascribed to mere cumulative inaccuracy or to some gross 
blunder at some one place. When the closure has finally been settled 
w’ith satisfactory accuracy all stadia stations will have been plotted. 
The reference line for azimuths in stadia work is usually a meridian 
line, but whether it is so or not, that reference line should be drawn 
througli each station and sub-station from which stadia shots have 
been taken. A full circle protractor is the most convenient instru- 



PLOTTING AND TOPOGRAPHY 


27 


ment to use for this purpose, and although a protractor 0 inches in 
diameter, when used carefully, may answer the purpose, it is preferable 
to have one of a larger size even though it is engraved on paper. 
Number all the stadia shots at each station and with its zero line run- 
ning along the azimuth reference line, mark by dots on the edge of 
the protractor the angles as given for the various shots taken from 
that station. As each one is marked, indicate the mark very lightly 
by a number, which is the number of the shot. Usually all the shots 
taken from any one station may be marked off with a single placing 
of the protractor; then, removing the protractor, scale off from the 
stadia station the various distances for each shot, making a dot at the 
required distance and drawing around it a small circle veiy lightly in 
pencil to aid in finding its position. Indicate immediately in pencil 
the elevation of the point, w^hich elevation should have been pre- 
viously computed and recorded in the note book. This also serv^es 
to identify the point. 'WTien two or more points have been obtained 
to determine the corners of buildings, bridges or other structures, 
the points should be immediately connected so as to render the signifi- 
cance of tlie points at once more intelligible. It may even be prefer- 
able to indicate very lightly in pencil the general run of the contour-? 
through the elevations which have been obtained, since every new 
indication on the map will render it plainer and enable the rest of the 
work to be put on with less danger of making blunders. By making 
all marks with a hard pencil and without bearing on very hard, mis- 
takes may be corrected without excessive erasures, which might '^poil 
the paper, and yet the penciling will be Mifficiently plain .so tiiat it can 
be inked in when it is found to be satisfactory. This is particularly 
true in the matter (^f connecting the (*ontour lines which lia\c bevn 
determined from various .stadia stations. After indicating all desin-d 
features, the a/imuth refereiu*e line through each stadia sub-statioii, 
a.s wt‘ll as other features which have been lightly penciled in. nia\ be 
erased without trouble. 

21. Plotting of Maps by Projection. For small areas such 
as farms and parks, where the area is but a few* square miles, it is sufii- 
ciently accurate to assume that the surface of the earth is plane, oi 
in other w’ords, that all plumb lines held at all points of the map would 
be precisely paiallel. But w'hen the areas amount to hundreds of 
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curvature of the earth cannot be neglected either in the computations 
or plotting. A ^'single curved surface/^ such as that of a cone or 
cylinder, can be '' developed’’ and it will lie flat; i.e., the surface could 
be rolled out on a plane surface without changing any proportions. 
But a surface of ‘double curvature” such as a sphere is not develop- 
able, and there then arises the problem of representing on a plane 
surface the surface of a sphere witli as little distortion as is possible. 
There are many methods of accomplishing this, some of which are 
very approximate. They will be described in the order of their com- 
plexity, which likewise means the order of their accuracy. In each 
case will be described the method of plotting parallels of latitude and 
meridians of longitude. Since in any case a line is determined by its 
passing through a point of known position and running at a given 
angle with the meridian, the plotting of meridians and parallels gives 
a sufficient framework for the plotting of any map. 

Trapezoidal Projeclion, In this method parallels and meridians 
are plotted as straight lines. In Table II are shown the distances 
between parallels of latitude at any given latitude (the distance vary- 
ing slightly with the latitude) and also the distance between meridians 
on any parallel of latitude. A straight vertical line at the center may 
indicate the even degree meridian which passes approximately through 
the center of the map to be plotted. On this line lay off distances at 
tlie proper scale w^hich will represent the distances betw^een the par- 
allels of latitude included within the map. On tw^o of these parallels, 
which are approximately at one-fourtli the distance from the top and 
bottom, lay off distances from the central meridian, wdiich represent, 
according to Table II, the positions of even degree meridians at so 
many degrees each side of the center. Connecting the corresponding 
points on these tw'o parallels we have a series of trapezcnds, each of 
which have parallel lines for top and bottom and a })air of converging 
lines for the sides. When the scale is such that the angular distance 
of any point from the center of the map is but a few' degrees measured 
in latitude or longitude, then this method might be tolerated, although 
the errors at the outer edges of the map would be considerable. When 
the map includes many degrees of latitude and longitude, then the 
errors become intolerable. 

Simple Conic Projection. A cone is readily developable and its 
development is a sector of a circle wdiose radius is the slant height of 
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the cone. If we consider a cone to envelop a sphere so that i1 
in the pole of the sphere and is tangent to the sphere at some ]. 

of latitude, which is purposely chosen as the middle parallel Ox 

desired map, then if points on the surface of the sphere are projected 
on to the surface of the cone and the cone is then developed, we will 
have a representation of the surface of the earth with comparatively 
little distortion, especially when the angular distance measured in 
degrees of latitude from the middle parallel is very small. Fig. 12 
illustrates this method on a very small scale, but it also shows that 
when the angular range of the map is very large the distortion on the 
outer edges of the map is very considerable. The distance between 
parallels 45° and 60° is very perceptibly less than that between 0° and 



15°. A very obvious inodificatitm of the inetliocl is to space the par- 
allels at their true distance apart. To apj)ly this methoil lay off as 
before a vertical line which represents an e\en degree meridian pas^ing 
approximately through the center of the map. On tlii^ meritlian lay 
oli', as before, points which represent the distances between consecu- 
ti\e parallels of latitude. From Table II we may take the length of 
the slant height of such a tangent cone, which is tangent at the middle 
parallel of the map; .^pacing off distances on this central meridian we 
determine the position of the apex of the cone of de\ elopment. We 
may then draw’ through the points on this meritlian, which represent 
the various positions of the parallels, arcs of circles which w’ill repre- 
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may plot the position of the various meridians included in the map and 
through these points we may draw radial lines in the direction of the 
apex of the developable cone. Points in the immediate neighborhood 
of the middle parallel are correctly plotted. Points which are further 
away from the middle parallel, either above or below, are more and 
more inaccurate; but this method will answer for plotting of areas of 
several hundred miles. One very practical difficulty, which is almost 
insuperable unless the scale of the map is very small, is that the slant 
height of the developable cone is too large and the apex of the cone 
is really inaccessible. For example, at latitude 40° the length of the 
side of the tangent cone is 4730 miles. Even if we adopt a scale of 
1 125000, which is approximately two miles to the inch, the length 
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Ciuiic l^rojeotions. 


of the radius to l)c used in developing this cone wmdd be 47*30 2 

2365 inches = 197 feet. It tlieii becomes impracticable to use this 
method except by adopting a method of ‘‘co-ordina1es” wliich will 
be described later. 

Simple Conic Modified. The simple conic is totally outside of 
the sphere, except at the circle of tangency. The map is therefoi’c 
always larger than the true area. A simple modification is to lay olf 
on two developed parallels situated at one-fourth of the height of the 
map from top and bottom the true (listan?e between meridians, ddie 
meridians are then drawn as straight lines througli these points of 
division. This is virtually the equivalent of the development of a 
cone which intersects the sphere between the two selected parallels, 



PLOTTING AND TOPOGRAPHY 


31 



the cone being inside the sphere between the parallels and outside of 
the sphere above and below them. That part of the map which lies 
between the two parallels will be slightly too small and that above 
and l)elow will be slightly too large, but in no case will the variation 
be as large as in the case of a simple conic. A still further modifica- 
tion is to lay off on each parallel the proper distance between meridians 
for that latitude, but the parallels are developed as arc.s of concentric 
circles. Each of these successive meth- 
ods is a little more accurate than the 
previous method, but unless the scale of 
the map is such that it is practicable to 
draw the developed parallels directly as 
arcs of circles and without the use of co- 
oidinates, it is just as simple, as well as 
being much more accurate, to employ the 
following method, which is the method 
used by the United States Coast and 
Geodetic Survey, as w^ell as by all other 
geodesists. 

Pohjconic Projection, Let us con- 
sider a sphere with parallels of latitude and meridians drawn over 
it and then assume that the sphere is covered with a series of cones 
whose vei'tices are all in the pole of the sphere, each cone l)eing 
tangent to the sphere along one of ihe parallels of latitude. If we 
then develop these cones, the line of tangency of each cone will 
develop as the arc of a circle whose radius is the slant heiglit of 
the cone, and the intersection of the tangent parallel witli each 
meridian may be plotted on this circle in its true po^itiom Ry 
drawing a vertical center line we may lav off on it tire true dis- 
tance between the desired parallels of latitude; then, la\ing off on 
that vertical center line from the pcxsitioii of each parallel, a line 
equal to the .slant height of the corresponding tangent cone, we 
may draw arcs which will repiesent the development of each 
parallel of latitude. To illustrate the piiiiciple iinolved this lias 
been done on an exceedingly small scale and by lines wdiich represent 
tile development of many degrees of both latitude and longitude in 
Fig. 14, hut this method is particularly used for the plotting of maps 
on a comnarativplv larerp scalp in which the Ifaiirtli of thf^ radius of 
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the developing cones (at the scale adopted) would be impracticably 
large. It therefore becomes necessary to plot these curves by the 
method of co-ordinates, which must necessarily be computed and 
arranged in a tabular form for use. It then becomes just as easy 
to use co-ordinates which are computed with reference to the true 
form of the earth rather than those computed for a sphere. In Table 
II is given for various latitudes the length in statute miles of 1® of 
latitude,thelengthofl® of longitude, the length of the side of the tan- 
gent cone, the distance from the center meridian of 1°, 2°, 3®, 4° and 5° 
of longitude, and also the vertical ordinate for each one of these points 



above a liorizontal tangent line. The method of drawing one of 
these maps may be most easily described by a concrete example, as 
follows: Inrst. Draw a vertical line to represent some even-degree 
meridian of longitude which is as near as may be at the (‘enter of the 
map. Having selected the scale, space off on this vertical line the 
positions for as many parallels of latitude as it is desired to represent. 
1 he length of 1° of latitude measured on a meridian for various lati- 
tudes in statute miles is given in the accompanying table. For ex- 
ample: suppose that the scale of the map is to be tW.'To'o- This is 
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approximately equal to a scale of two miles per inch. At latitude 40° 
the length of 1° of latitude in statute miles, as taken from the table, 
is 68.993. Multiplying this by 63360 we have 4371396 inches, which 
is the length of 1° at 40° latitude, or which is the length between 39° 30' 
and 40° 30'. Dividing this by 125000 we have 34.97 inches, which 
will be the distance to be scaled on the vertical line between two marks, 
which should represent the parallels 39° 30' and 40° 30'. Dividing 
this space in half we have the position for 40° latitude and any other 
desired parallels may be interpolated accordingly. This is, of course, 
on the assumption that 40° is the mean latitude. Second, From 
each point on the center line through which a parallel is to pass, draw 
a horizontal line. Assume that we wish to lay off meridian lines at 
intervals of 0° 15' of longitude. The accompanying table, which 
has been compiled from the more extensive table of the United States 
Coast and Geodetic Surv’^ey, published in their report for 1884, gives 
the co-ordinates of points which are from 0° 15' to 3° east or west 
from the center meridian of the map for all latitudes between 25° 
and 50°. These co-ordinates are given in meters since this is the 
universal unit of measure in high grade geodetic work, but these 
co-ordinates can be readily transferred into other units on the basis 
that one meter = 3.2S09 feet == 39.3704 inches. Although the 
accompanying table is amply accurate for much of the work that an 
engineer may have to plot, the more extensive ta])les of the Coa^t 
Survey shoiilil l^e utilized for the highest grade of work. Since 1 
meter = 39.3704 inches, when we are working on a .^cale of 1 125- 

000 each meter woukl scale .00()3149() inches or 10000 meters -- 
3.1406 inches. For our present purpose we may call this 3.15 iiKlies. 
According to our table the distance out from the center for 0° 1. at 
latitude 40° is 21340 meters, which at 3.15 inches per lOOOO meters 
gives 6.72. Similarly we can reduce to inches the ordinates for O' 30', 
0°45' and 1°. Tlie distance out for 1° 15' can be obtained .sufficiently 
close by interpolation between the values for 1° and for 1°3()'. At all 
these points we can erect short perpendiculars. This should be done 
on both sides of the vertical center line. The vertical ordinates which 
are given in the table mav be similarlv changed to inches. The Aer- 
tical ordinate in meters for 1° from the center is 479 meters, \\lucli at 
.000315 inches per meter “ 0. 151 inches. For 2° the vertical onlinate 

four fimpc; tfiic; nr mpfpre: nr 0 ^03 ine]ip<? thiw inrlinaf ino- fhfl t 
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the vertical ordinates increase as the square of the distance from the 
meridian. Therefore the ordinates for 1° 15', 1° 30' and 1° 45' will = 
f-l, and f I, respectively, of the unit height for 1°, which is 0.151 
inches. For a width in latitude of 3°, each side of the center, other 
points may be similarly obtained. Having plotted these points for 
40° latitude, we must repeat the operation for each new parallel 
required. The figures to be used for intermediate parallels of latitude 
may be obtained with more than sufficient accuracy by interpolating 
between the numbers given in the tables. 

It should be noticed that Fig. 14 w^as drawn mainly for the pur- 
pose of illustrating the general principles involved. It covers a range 
of 45° each side of the center line and from the equator to 60° north 
latitude. This is a very extreme case and far greater than w'ould 
ever be used on any map where close accuracy is a necessity, and yet 
even in this case the distortion, although it does exist, and is an abso- 
lute necessity, is nevertheless reduced to a minimum by this method. 

Numerical Example. Compute by derivation from Table II, 
for the scale of 1 1,000,000 the values for each intersection point 

of parallels at intervals of 0° 15' and meridians at every 0° 15' for 3° 
east and w’est of the prime meridian and between the latitudes of 36° 
and 37°. Draw lightly in pencil the horizontal lines and the perpen- 
diculars, indicating in pencil the computed length of the divisions of 
the horizontal lines and the lengths of each perpendicular, then con- 
nect the corresponding intersections wdth lines which will represent 
the parallels and meridians. Draw to a scale of 1 : 100,000. 

22 . Three Point Problem. Economy in field wmrk is frequently 
served hv employing what is knowm as the three j)oint problem” to 
accomplish certain results. For example, the location of points at 
which soundings are taken in any body of water require the employ- 
ment of several extra men with instruments if it is done by the method 
which is jjerhaps sini])lest to plot, namely, to have men and instru- 
ments on cei'tain located pennts on shore w’here observations are 
taken at the time of making each soundin'^. This may !)e obviated 
hy Using two sextants or even a double sextant, Avhich is used by a 
man (ui the sounding boat. Observations by tlie boat observer are 
taken on three shore signals, and the tw'o angles betv/een each outer 
signal and the middle signal are measured. With an instrument 
jtLnow'ii as a double sextant, one skillful observer can simultaneously 
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set his sextant to take both readings. This method keeps all members 
of the party together. No signaling between tliose in the boat and 
instmment men on shore is necessary and the economy of time and 
men is considerable, although it requires special instruments to 
take the observations and a special 
instmment later on to plot the work. 

Unfortunately even this solution has 
its limitations. If the circle which 
passes through the three fixed points 
also passes through the point to be lo- 
cated, then the solution is indeter- 
minable, and if the point to be deter- 
mined lies near the circumference of 
that circle, the solution, although theo- 
retically determinate, is subject to great 
inaccuracy. Nevertheless, with suitable 
care this limiting condition may be avoided and the accuracy under 
usual conditions Is as great as is necessary. The same fundamen- 
tal principle is employed in plane table surveying when it is desired 
to set up a plane table at some station which has not been previ- 
ously plotted on the map, and to determine directly its location by 

an observation on three stations 
V which have already been plot- 

ted. The fundamental prin- 
ciple of the work is illustrated 
in Figure lo and depench on the 
geometrical proposition that, 
except for a point located on tlie 
circumference a L c, there is but 
one position, .r, from which the 
lines' drawn forming the angles 
a .r h and h a- c will e()ual any 
two given values. An inspec- 
tion of the figure will show that 
if x' were located in the circumference, then the angles a x' h and 
h . t ' c would he the same for any location of x' in that circumference. 
If .r represents, for example, the location of a boat from which the 



Fig lb. Locating Three- 
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it is only necessary, in order to plot the position of x, to have three 
lines which make the given angles with each other and find by trial 
such a position for x that three such lines will simultaneously pass 
through the three points. These three lines may be the three arms 
of a three-armed protractor” (see Fig. 21) or they may be three 
lines which make the given angles and which are drawn on a piece 
of tracing paper, which is used as described below. Of course, very 
skillful work is required to avoid inaccuracy, but in skilled hands 
the method is economical and suflBciently accurate for practical use. 

In plane table w6rk the problem may be solved similarly. The 
plane table may be set up over the station whose location is required. 
A piece of tracing paper may be placed over the regular drawing and 
three lines may be drawn to the three knowm and plotted stations. 
These lines will evidently make the proper angles with each other. 
It is then only necessarj^ to move this tracing paper to some position, 
such that the lines will simultaneously pass through the three points 
and then prick through the tracing paper the location of the desired 
point. 

Another method of solving the same problem wdth the plane table 
is that known as Bessel’s solution, wdiich is illustrated in Fig. 17. 
The explanation of this method is far more difficult than the mere 
w'ork of doing it, wdiich may be readily learned. The reasoning may 
be best followed by considering a case wdiich has already been worked 
out — see Fig. 17. a,h and c are points already plotted on the map, 
d is a point w'hose real location is at first unknown, e is a ''construc- 
tion” point, which is also unknown. The method of procedure will 
be first stated as follows: 

The instrument is set up over the point T) in the field. A, B, C 
and 1) lefer to tlie actual station positions. (1) The alidade is 
then ^et on the line c a and the whole table is then revolved until the 
instrument sights at A, when it is clamped. (2) The alidade is then 
])laceil with its edge on c and so that it sights at the point B. Draw- 
ing a line, we will have the line r c. (3) The alidade is set on the 
line a c and the table is then loosened and turned until the telescope 
])oints at C. f-t) [Move the alidade so that the edge passes through 
a and again points at B and draw^ a line. This line a c drawm from 
(i intersects the line drawm from c in the point e. (5) Connect b 
and c. The required point d is somewhere on the line h e — or onh e 
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produced. By placing the alidade on the line h e and turning the 
whole table until it points at station JS, the table is properly oriented. 
The student should note that the location of point d is still unknown, 
but when the table is properly oriented, it is only necessary to place 



Fig. 17 Hessel s '^olutiou of Tliree-Poiut Problem 


the alidade with its edge on the point a and so that it sights at station 
*1. A line drawn along the alidade will intersect tlie line h c at the 
required point d. As a check we may turn the alidade so that its 
edge is on the point c and so that the telescope point‘d at >tation C. 
The edge of the alidade should again pass through the point c/; the 
precision \\itli which it does so forms a valuable check on the ac-curacv 
of the work done. 

Explanation. First step: alidade on c a, lighting at J. Sinet* 
the instrument is at D, the proper direction of the alidade when 
sighting toward A should he d a and wouhl be so if the tai)le weiv 
j)roperly oriented. Therefore the orientation is in error by the angle 
a to the ricjld. Second step: the line c c, which should lune the 
direction c c' , makes the angle a with c In other w’orcK, the line 
d h c makes the angle a with c c. Third step: alidade on or, sighting 
at C. Since the instrument is at D, the proper direction of the 
alidade when sighting tow^ard C should be d c, and w’ould be so if the 
table wTre properly oriented. Therefore the orientation is in error 
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by the angle yS to the left. Fourth step: the line a e which should 
have the direction a e", makes the angle /3 with a e". In other words 
the line dhe makes the angle ^ with e a. Fifth step : d lies somewhere 
on 6 e or on 6 ^ produced. Since the table can be accurately oriented 
by sighting on B with alidade ondh e, the location of d then becomes 
easy as a problem in ‘'resection'" by turning the alidade to sight at 
either A or C. The alidade will intersect d 6 at d and thus determine 
the point. The student should note that as d approaches the circum- 
ference, e approaches h, the line h e becomes very short and since the 
solution depends on drawing h e accurately in direction, it becomes 
more and more inaccurate as d approaches the circumference. When 
d is on the circumference, e will coincide with h and the solution is 
indeterminate. It should also be noted that d and e are interchange- 
able — ix., if e were the unknown point, then d, determined by the 
intersection of a d and c d, would be the point which, when joined with 

b, would give the line on which the true point e would be located, e 
would then be determined by resection from a or c. 

This method has the theoretical inaccuracy of assuming that 
lines drawn from various points of the map toward a distant station 
are parallel. \Wien the scale is very large the error might be appre- 
ciable with the most careful work, but ordinarily it is impossible to 
do plane table work with sufficient exactness to detect an error due 
to this cause. The advantage of this method over the tracing paper 
method is that although it requires the drawing on the paper of the 
lines ae,he, and c c, which are otherwise useless, it does not necessi- 
tate the use of tracing paper which might prove inaccurate on account 
of slipping. When it is found that the unknown point d is nearly, if 
not exactly, on the circumference of a circle passing through n, h and 

c, then some otlier station should be substituted for a, h or c, and 
ordinarily this will permit the problem to be solved with suffic*i('iit 
accuracy. 

23, Topographical Signs. There is a very great advantage 
in employing colors to represent the topographical signs, but if a 
map is being prepared for reproduction it is impracticable to use 
colors unless it is designed to make several impressions, one in each 
of the various colors, which makes a very expensive map. The sys- 
tems of topographical signs must therefore be based very largely on 
whether colors are to be used or whether the whole map must be in 



PLOTTING AND TOPOGRAPHY 


39 


black. When one individual map is being made, it is almost as easy 
to employ colored inks, and this should certainly be done if the map 
is designed to represent considerable variety of detail. Contour 
lines are usually drawn with “burnt sienna,’’ a yellowish-brown color 
w^hich is not so very unlike that of clay and which is quite suggestive. 
In spite of the added expense, the United States Geological Sun^ey 
maps have all contours printed in a similar color. Similarly w^ater 
lines are usually represented with blue lines if color is employed- 
The United States Geological Survey maps represent the shores of 
all lakes, rivers, etc., with blue lines. Even the smallest streams 
w^hich are represented on the map are drawn in blue even though it 
is but a single line, and swampy districts are represented by a suitable 
topographical sign, which is also drawn in blue. This practice per- 
mits an instant recognition of the character of the sign and prevents 
any possible confusion of mistaking a stream line for a contour line. 
Artificial features of the topography are represented in black. By 
artificial features are meant anything in the nature of constructions 
such as buildings, railroads, dams, property lines or political boun- 
daries, etc. As stated previously under “scale of map,” judgment 
should be shown whether to endeavor to represent the actual form 
of buildings to their proper scale. On the Lhiited States (Geological 
Survey maps individual dwelling houses are usually reprej^eiited by 
a minute square of black even when tlie scale of the map is as small 
as one mile to the inch (approximately). Since the maps are di-awn 
very finely and the s(|uares are perhaps not more than -j 1 ,7 of an inch 
square, they do not necessarily indicate much, if an\ , cxaggei-ation. 
Of course, at such scale no attempt is made to give* the exac't form of 
the building. The well known representation of a railroad b\ a sin- 
gle heavy line crossed at frecpieiit inter\als with cross lines as if in 
imitation of cross ties is always recognizable. When tlu‘ scale is 
sufficiently large, say lOU feet to the inch, even tlu‘ two rails may be 
indicated by a double line rather than a single liiu‘. Highways are 
indicated b} double lines which should be spaced at ap})roximatL'l\ 
their proper wddth. Since a neat appearance absolutely recpiires that 
these lines should be evenly spaced and exactly parallel, it is prefer- 
able to draw these lines w'ith what is called a “road pen,” which con- 
sists of tw'o ruling pens whose distance apart can be regulated with 
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.rapidly drawn in so that both lines will not only be uniform, but are 
exactly the same distance apart at every point. 

Some instruction books have been published with very elaborate 
systems of topographical signs to represent by distinctive signs every 
conceivable fcrm of vegetation and also to denote the character of 
different kinds of factories, mines and other structures. In several 
cases where a map is made for the distinctive purpose of denoting the 
location of the various features which pertain to some special industry, 
these special topographical signs may be justifiable, but their signifi- 
cance should invariably be indicated by a suitable legend inscribed 
on some part of the map. Although every surveyor should know 
the significance of the topographical signs which are used to indicate 
the common features which are generally found on every map, it is 
useless to expect that the special and little used topographical signs 
will be familiar to all engineers. Plates I and II show the signs 
which have been adopted by government use and which therefore 
may be considered as standard. No others should be placed on a 
map without some lettering on the map to indicate their character, 
especially as there is some confusion regarding the method of indi- 
cating some of the more uncommon topographical features. 

24. Lettering. Many a map w^hich is otherwise good is 
spoiled by poor lettering. Part III of Mechanical Drawing contains 
a treatise on lettering, and therefore such instruction will not be 
repeated here, since this course forms a part of every engineering 
course. In general it should be said that the style of lettering adopted 
should be simple and as plain as possible. No fancy lettering should 
be used except perhaps in the title, and even here some forms of fancy 
lettering are not only in bad taste but are a useless w^aste of time and 
skill. Tlie illustrations of government maps herewith given should 
be particularly studied with reference to the style of lettering used 
for different topographical features. Where much lettering is neces- 
sary (for example, to indicate the location of numerous towms on a 
small scale map) the simplest form of line lettering is preferable. 
When possible all lettering should run horizontal with the base of 
the map, except the lettering to indicate the name of streams, rail- 
roads, etc., w'hich should follow’^ their course. The spacing between 
letters used to indicate the names of streams and railroads should 
likewise be strung out to cover a considerable part of the length of 
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the stream or railroad unless that spacifig would be so great as to 
make it difficult to follow the continuity of the letters. The Roman 
style of lettering is usually adopted on government work, because it 
is the best in spite of its being the most diflScult style to make so that 
it looks well. The student should cultivate the ability to make let- 
tering in this style. A simple form of line lettering is infinitely 
preferable to an attempt at fancy lettering, and the draftsman must 
not consider that he is qualified to do lettering until he can make good 
letters at least in this simple form. 

25. Border Line. A simple border line which consists of a 
single heavy line of uniform width will add considerably to the neat- 
ness of a map, and it should usually be made. When it is specially 
desired to attract the eye of rion-technical people, as in the case of 
real estate maps, which are made to look as attractive as possible to 
catch the eye of a possible purchaser, a very elaborate border line 
may be justifiable, but otherwise it must be considered as a waste of 
time and skill, and even an evidence of bad taste. It sometimes hap- 
pens that a farmer will think a great deal more of the map of his farm 
if it is surrounded by an elaborately executed border line, and since 
it is policy to sell to a man what he wants and is willing to pay for, it 
would be justifiable in such cases to consult a book on lettering, 
which usually contains various specimens of border lines, meridian 
marks, etc., which will set off a map and make it look very pretty 
even though it does not add one whit to its real value. The sheets 
issued by the United States Geological Survey have no ])()rder line, 
and even the large sheets issued by the United States ^oa^t and 
Geodetic Survey have border lines which are simple aiul dignified in 
character. 

26. Drawing Paper. Considering that the work on very 
large maps is very great and sometimes recpiires a very high grade of 
labor for weeks and even months, which means that the map ivpre- 
sents an expenditure of labor worth several hundred dollars, it is 
folly to lessen the value of the map by using a cheap grade of pi4)er. 
A good cpuility of drawing paper should be fpiite smooth and \et of 
such a texture that pencil lines and even light ink lines can lie erased 
from it without necessarily destroying the surface of the paper. For 
some kinds of work where but very little penciling is required and such 
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may be desirable to use Bristol board, since its surface is very smooth 
and, with very fine pens, work may be done which is almost equal 
to engraving, but Bristol board becomes roughened when it is rubbed, 
and therefore it should not be used when many construction lines are 
necessary which need to be more or less erased. ^'Hot pressed’^ 
Whatman’s paper is the best for map work, since it is smoothest and 
it can be obtained in large sheets. When it is necessary to make very 
large maps (four feet square or over) it is advisable to have the paper 
“mounted” on linen. This becomes almost necessary on account 
of its greater durability, for a large sheet would be more apt to be 
tom. Manufacturers of drawing paper make these large sheets by 
pasting smaller sheets together on the mounting of linen, the joints 
being beveled and carefully rubbed down so that they are practically 
invisible and do not give the roughness that would ordinarily be found 
with an ordinary lap joint. Since such work is done so much better 
by the manufacturers, it is usually preferable to leave such work 
in their hands. When it is absolutely essential for one to do his own 
paper mounting, it may be done as follows: Stretch the cloth on a 
drawing board, if a sufficiently large one can be found, or even on a 
smooth floor, and tack it down on all sides, stretching it as much as 
possible, so that it is perfectly smooth. Trim the edges of the sheets 
of paper (say four) which are to be joined together, and with a rubber 
grind down the edges which are to form the joint until they get liter- 
ally to a feather edge. Cover each sheet thoroughly with paste and 
then spread it on the cloth as smoothly as is possible in its puckered 
condition, taking special care that the edges of the sheets overlap 
properly and that a perfectly smooth joint is made. Sometimes a 
warm flat iron may be successfully used while the paper is drying to 
smooth out any wrinkles that have formed. By watching the paper 
(luring the process of drying and carefully smoothing out wrinkles 
until all have disappeared, and then leaving the paper for at least 
twenty-four hours until it is perfectly dry, it will usually be found 
that the sheet will be perfectly smooth when it has dried. Only the 
best (juality of paper should be used for such a purpose. 

DRAWING INSTRUMENTS. 

The chief drawing instruments required for topographical work 
are very few and simple. A protractor, a scale and a straight edge. 
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with pens and pencils, almost comprise the list — except a few instru- 
ments which are used for special purposes. 

27. Protractor. The choice of a protractor has already been 
discussed and it was pointed out that the very small metal protractor 
frequently included with a set of drawing instruments is almost use- 
less for any practical purpose. It is so small that it is impossible 
to use it with any degree of accuracy. Celluloid or ‘^xylonite” pro- 
tractors with a diameter of 6 inches are very useful for plotting topog- 
raphy when the scale of the map is such that the length of the lines 
plotted is not more than 5 or 6 inches, or say twice the radius. 
Paper protractors, 14 inches in diameter, printed on Bristol board, 
which can be bought for 40 cents, are much more useful, and with 



reasonable care will last long enough to fully pav for their cost 
Colby’s protrac'tor lia.s the advantage that it can be perniaiuaid' 
fixed on the j)apcr by means of weights resting on the ears that ])ro- 
ject from the circle and a very large number of points may be plotted 
from one station without the wearisome endeavor to hold an ordinal . 
protractor continuously in a fixed place. Additional scales can be 
attached to the central rotating plane so that any point can be imme- 
diately plotted at its proper distance from the center unless it hap- 
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The instruments cost about $60 with $3.50 extra for extra scales. 
Metal protractors of the Crozet type have the very great ad- 
vantage that they can be used in connection with a T-square and 
do not need to be centered over the station point. After setting 
the protractor at the proper angle, it is only necessary to slip it 
along the T-square or along the fixed straight edge, which has 
been properly clamped on the board, and when any point of the 
fiducial edge of the protractor reaches the given station, a line may 
be drawn through the station at the desired angle. Some of these 
protractors are made with vernier and slow motion screws, so 
that they will read single minutes of arc, but it requires a degree 
of accuracy in the drafting work, which is seldom, if ever, attained 



to draw the lines as accurately as this implies. Such a protractor 
costs ai)out $40. The Darling, Brown and Sharpe protractor works 
on the same fundamental principles as the Crozet protractor; it 
has a vernier reading to 5 minutes of arc and costs only $0.50. Tt 
is practically as useful and as accurate as the more expensive forms. 

28. Scales. Usually “decimal” scales are used for plotting 
toj)ographical work, since the maps are frecpiently drawn on a sc*ale 
of 100 feet, 200 feet, 400 feet, or 500 feet per inch. Therefore a “tri- 
angular” decimal scale with its six scales graduated to 10, 20, 30, 40, 
50 and GO parts per inch is in general the most useful for that purpose. 
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Even if dimensions are scaled off in hundredths of an inch, the sill. 
plest plan is to use the ‘'50” scale in which each division means = 
.02 inch. When maps are drawn to some special scale, as for example, 
1: 125(XX), or 1 : 62500, it will facilitate the work (and it will be justi- 
fiable) to construct special scales which will permit the distance in feet 
as measured in the field to be scaled off directly on the map. There is 
a theoretical argument in favor of using paper scales, the argument 
being that the paper of the map and the paper scales will vary equally 
with changes in the hygrometric conditions of the atmosphere. But 
it must be considered that these changes are very small and almost 



insignificant unless dampness of the atmosphere is so great that the 
paper of tlie maj) becomes positively puckered, and under such con- 
ditions it is perhaps inadvisable to attempt to do any work. Also 
unless the paper scale was made of the same quality of paper as the 
map, which is not very likely, the coefficient would not be the .'^ame. 
It is thus seen that the advantages of using paper scales are more 
fancied than real, while their disadvantages are many. Where the 
work to be done is very extensive and it must all be done at the same 
scale, there is a considerable advantage in using a “flat” scale rather 
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scales of the triangular scale are useless and a blunder is frequently 
caused by inadvertently using the wrong scale. Metal scales have 
the advantage of extreme durability but the disadvantage of tending 
to soil the paper. The boxwood scales having a natural wood color 
are the most common, but they grow darker with age and with hand- 
ling and the graduations become so dim that it is difficult to use them. 
Ivory scales are very liable to warp and shrink, and although they 
have the advantage of distinctness and a neat appearance, their ten- 
dency to warp is a decided disadvantage. Probably the best scales 
are those which are made of boxwood but which have the beveled 
edges covered with a material which resembles ivory, which perma- 
nently remains white, and which does not shrink as ivory does. 

29. Straight-Edge. It is not a good plan to use the edge of 
the scale as a straight-edge. The rubbing of the pencil over the edge 
of the scale wiW soil it. It is always better to have two triangles, so 
that lines at right angles may be readily drawn in as is necessary in 
showing the sides of buildings. A very long straight-edge is occa- 
sionally necessary. When a very long line is to be drawn perfectly 
straight and no straight-edge of that length is at hand, the line may 
be tlrawn by stretching a silk thread between the two terminal points 
and then marking, with a pencil, points at such frequent intervals 
that the small straight-edge available may span those distances. It 
is needless to say that extreme care is absolutely essential in drawing 
a line by this method. Even well-made straight-edges may become 
waipcd and lose their straightness. To test a straight-edge, carefully 
draw a line with it and reverse the straight-edge end to end and note 
liow closely it coincides with the line drawn If no error is observable, 
the cdg’e i^ j)robably straight, but it is conceivable that a straiglit-edge 
iniglit not be straight and yet stand this test, for the edge might have 
a form somewhat similar to an S, that is, it might be curved symiiK't- 
rieally about its center so that wdien reversed the edge w’oiild again 
coincide with the line drawm, but this is a very improbable (‘ondition. 

30. Pens and Pencils. The lead uscfl in the pencils should 
be of good (juality and should be neither too hard nor too soft. A 
very soft pencil will have its point worn off very rapidly and the lead 
will smudge the paper. If the lead is too hard, it requires so much 
pressure on the paper to produce a visible mark that the paper is 
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actually indented, and if it becomes necessary to erase the line, the 
paper is indelibly impressed with a groove where the line was drawn. 
It is therefore necessary that all lines and marks should be drawn 
with a very light pressure of the pencil, which practically requires 
that the lead should be soft enough so that even a light pressure will 
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Pig. 21. Three- Armed Protractor. 


make a mark that is easily visible. Although some of the iiikiii^ 
work is (lone with a ruling pen, the great bulk of topographical map- 
ping is (lone with a nib pen. The pen should be sharj)ly poiiitul, 
so that it is capable of making a very fine line. Although much of 
such work is done with ‘'crow quill” pens, a larger pen (say (iillott’s 
Xo oOo) will serve ecpially wel’ and in some respects is more useful 
The rubi)er used should be a soft rubber rather than hard, since liard 
rubber will scratch the paper. A "sponge rubber” to clean the draw- 
ing when it is finished is almost a necessity. 

31. Three-Armed Protractor. Among the special dmwing 
instruments which are occasionally needed is a "three-armed pro- 
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been observed on the principle of the ^^three-point problem/^ The 
instrument consists essentially of a protractor having one fixed arm 
and two movable arms which may be set at the two given angles with 
the middle arm. Then 
when the fiducial edges 
of these three arms are 
simultaneously placed on 
the three given points, 
the center of the instru- 
ment mvst be located at 
the point which represents on the map the point from which obser- 
vations were taken, and this point is pricked through the center 
of the instrument. As previously explained, the operation of this 
instrument depends on the fundamental principle that (unless the 
point to be located happens to lie in the circumference of the circle 
which passes through the three given points sighted at) there is 




only one position from which it is possible to draw tlircc linos wliioli 
make the given angles with each other through those three points. 
The angles are therefore laid off by moving the two outer arms so 
that they make the required angle with the middle fixed arm; then 
vith the arms clamped in position, the wdiole instrument is shifted 
around on the paper until the fiducial edges of the rules simultaneously 
pass through the three fixed points. It is needless to say that great care 
and accuracy is necessary, and especially so if the point to be deter- 
mined lies near the circumference of the circle passing through the 
three fixed points, for it will be found that a very slight inaccuracy 
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will cause a considerable variation in the location of the unknown 


point; or in other words, there will be a considerable area from any 


point of which the three lines will pass 
approximately through the three fixed points. 

32. Pantograph. The pantograph is 
a very useful and essential instrument when 
drawings are to be re-drawn on a different 
scale. It frequently happens that field draw- 
ings, especially when made with plane table, 
are drawn to a larger scale than is used for 
the final engraved maps. The principle of 
the pantograph is as shown in Fig. 22, w^here 
F represents the fixed point, T a tracing 
point and P a pencil or marker. F, T and 
P must alwaijs be in a straight line. F c T 
and Fh P must always be similar triangles. 
In this instrument they are isosceles trian- 
gles. a h c T IS always a parallelogram. 
The ratio P F : T F is the ratio of en- 
largement. To reduce, transpose P and 
T; i.e., the marker will be placed at T 
and the tracer at P. The diagram shows 
the fundamental principles, hut in practice 
accuracy recjuires very fine workmanship and 
an expensive instrument. Very simple in- 
struments are sometimes made by combining 
four sticks as sliown in the sketch, using 
rivets at tlie joints, but the fricti(m of the 
joints makes such sim[)le instruments inac- 
curate. Fig. 2d shows an instrument in tliis 
simple form, which may be bought for isl.Td. 
Fig 24 shows another instrument calletl a 
precision pantograph, w'hich has the same 
essential geometrical principle, although the 
mechanical construction has a .somewhat 
different outline and the material, w’hich is 



Pig. 24. Metiil Pantograph. 


entirely of metal, 1ms the very finest quality of workmanship. The 
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33 . Stadia Slide Rules. Figs. 25, 26, 27 show three forms 
of stadia slide rules, the use of which is described in Sections 15 and 
16. Any surveyor who has any great amount of stadia surveying 
to do will be wise to utilize the stadia slide rule to facilitate the stadia 
reduction, since the cost of the instrument is saved in a very few days 
and the money necessarily wasted by a neglect to employ this device 
is very false economy. 

34 . Polar Planimeter. This instrument is used to measure 
directly from any drawing the area of a given figure no matter how 
irregular it may be. Although they are somewhat expensive, the 




Pig. 25. Colby’s Stadia Slide Rule. 




Pig. 26 K & K Stadia Slide Rule 



J’^ig. 27 We])b’!>. St.uliii Slide Rule. 


one illustrated in Fig. 2S costing $2S, they are capable of marvellous 
cxactiics.',, and, considering the simplicity of their mechanism, it is a 
wonderful mathematical invention that such a simple iiiechaiiism 
would permit the recording on an index of the exact area of an irregu- 
lar figure ^impl\ by tracing tlie pointer around the perimeter of the 
figiirt‘ lit) matter how irregular It may be. The polar planimeter, 
a> it'' name implies, i.-s worked around some fixed point, called tlie 
“pole”, which in practice means a needle point having a shoulder 
which i'i pricked into the paper exactly as is done with the needle 
jjoiiit of a conijiass. The planimeter consists of t\vo arms, the 'pole 
anil, which carries the fixed point and which is hinged to the tracer 
arm, which carries the tracing point and the measuring wheel with 
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the mechanism for indicating the area. The hinge "will permit the 
tracing point to be moved away from the pole by an amount nearly 
equal to the combined length of the two arms, and if it is possible 
to fix the pole at some point from which every point in the perimeter 
of the figure may be reached by the tracer, then the area of the figure 
may be computed by a single setting of the instrument. If the figure 
is too' large for this, then the area may be divided by lines, which are 
preferably straight, although not necessarily so, into two or more 
partial areas, and the area of each section may be separately computed. 
Perhaps the most common use of the polar planimeter is to compute 
the area of indicator cards. This has already been described in the 
course of instruction in steam engineering under the title “Steam 



Fig: Polar Planimeter. 


Engine Indicators”, Init the in.striiment also has another important 
Use in the measurement of irregular ground areas, especially those 
which have been plotted by stadia methods rather than hy the courses 
and distances of the bountlary lines and which therefore cannot be 
computed bv the commt)!! rule of a summation of products of latitudes 
and departures. It is thus possible to compute an area by ^urMwiiig 
it rapidly by the .stadia method, plotting it with desired accuracy at 
a siiitahle .scale and then measuring the area with a polar planimeter. 

THEORY OF THE POLAR PLANIMETER. 

I. Zero Circle. When the planimeter is in the position 
P II W C\ Fig. 20, the plane of the wheel, which is perpendicular to 
the axis P 11, pa.sses through C. If the in.strument is i*evol\ed about 
C\ with the angle IF 11 C (= a^,) ahvays consfanf, the motion of the 
w’heel over the oaoer will have no comnonent in the direction of its 
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plane and the wheel will not revolve. The pointer in this position 
describes the “zero circle’^ 

2. Combined Sliding 
and Rolling. When the 
planimeter is in the position 
P' H' W' C and is revolved 
about C, with the angle 
W' H' 0 (= a^) always con- 
stant, the wheel will have 
a combined sliding and roll- 
ing motion. For an infini- 
tesimal movement TP b the 
wheel will roll an amount 
W' a and slide perpendicu- 
lar to its plane an amount 
a h. WTien rolling in this 
direction, the movement is 
called negative, 

3. Radial Motion. When the point P is moved from P to 
P', the wheel W will both slide and roll, but its rolling will all be in 
a negative direction. 

4. Reversed Radial Motion. If the pointer were to move 
back from P' to P the wheel would again slide and roll in 
precisely the same amounts but in contrary directions, and when 
it reached P it would have identically the same position and the 
reading of the index would be identical with the previous read- 
ing at P. 

5. If the pointer were to move from c to d, tlie amount and 
direction of both the slipping and rolling w'ould be the same as when 
it moved from P' to P. 

6. If the pointer were to start from P, move to P', thence to r, 
thence to d, and thence back to P, the resultant rolling of the wheel 
is the same as that for the line P' e alone; for the rolling for d P is 
zero 1) and the rolling for P P' will be just neutralized by that for 
e d. (^’s 3, 4 and 5.) 

7. Therefore when the pointer is moved to the right on the arc 
of a circle within the zero circle about C as a center the indication is 
negative and is the same as if the pointer moved around the area 
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included between the arc, -the corresponding arc of the zero circle, 
and the including radii. 

8. If the pointer moved in the opposite direction the indication 
would be the same in amount but 'positive. 

9. By similar demonstrations, similar facts may be shown for 
any other elementary area except that 

(a) w^hen the pointer is outside the zero circle and moving to 
the 'right, the indication is 'positive, and 

(b) when outside and moving to the left, the indication is 
negative. 

10. The perimeter 
of any area may be con- 
sidered as made up of a 
combination of infinitesi- 
mal arcs and radial lines 

the planimeter as center. 

Its total area is the 
algebraic sum of all the 
infinitesimal areas lying 
between each arc and the 
zero circle. 

11. If the pointer 

of the planimeter moves 
around each infinitesimal 
area in turn in such manner that when moving on the perimeter it 
moves in the same direction as though moving coiitinuou.^ly around 
the perimeter only, the pointer will move over all interior lines an 
even number of times in directions. Therefore the accumulafcd 

regii.tration of the wheel will be the same as thougli it moved on the 
perimeter only, for all registrations on interior lines will be nuetralized 
by the ecpial motion on them in opposite directions, (^’s 4 and 0.) 

12. Referring to Fig. 29, P'c = CP' ) /? “ 

1 ?;r -- 2 ?nl eo.^ a, jS. 

JJ^'b — C IF' X j3. The rolling of the wheel ~ JF'a 2). 


having the fixed point of 



Fig. 30 Irregular Figure Diviaeti luto 
Eleiueutary Kadial Areas. 


„„ jrk X jrb . . , . jrb ^ 

H a = 7-„77; = (n - m cos aj p, since = P 


cir 


cir 

and JV'/i = fn — m cos a.) 
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hx^B.PP' ed=^\{.PCX ^ P'C --jiP'C X P'C 
= ^^IPC"-WC) 

1 ^ /(f + + 2nl) + (m^ - - \ 

^ V (jn^ + f + 2m/ cos a J / 

= yS/ (n-m cos a^) 

' = I X TF'a (i.e., I times the rolling of the wheel.) 

13. When the pointer moves around an elementary area 
bounded by an arc, by the corresponding arc of the zero circle and 
by the two bounding radial lines (all having ''C” as center) the re- 
sultant motion of the wheel is the same as though it moved on the 



arc alone 0); the wlieel rolls a distance equal to the area divided 
by 12). If it moved in turn around each eleinentaiy area of 

a large area, the resultant motion of the wheel would be the same as 
though it moved continuously around the perimeter of the larger area 
(^'s 10, 11) and therefore the total resultant motion of the wheel will 
equal the area of the figure divided by 

14. Therefore if c = the circumference of the wheel, n the 
number of turns recorded by the index, and I the length of the arm 
from H to P, then Area = I nc. 
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15. Fixed Center Inside the Figure- If the pointer is 
moved around the perimeter A, Fig. 31, to the riffki, the indication 
will be 'positive 9) but will indicate only the area between A and 
the zero circle. Therefore the total area will equal the indicated area 

{Inc) plus the area of the zero circle {^{m^ + P + If 

the pointer is moved to the right around perimeter B, the record will 
be negative (f 9) and will correspond to the area between B and the 
zero circle. Therefore the algebraic sum (the numerical difference) 
of the record reading and the area of the zero circle will give the true 
area of B. 

16. General Rule. Always move the pointer to the right 
If “C’’, the pole, is within the figure, add the area of the zero circle 
(algebraically) to the indicated result If the pole is outside the 
figure the area is given by the product I n c. The scale on the 
recording wheel is so graduated as to give the result directly. The 
area of the zero circle is usually indicated on the instrument, but it 
may be determined experimentally by finding the distance from the 
pointer to the fixed center, which will cause no rotation of the index 
wheel when the pointer is swung about the center. This is tlie 
radius of tlie zero circle. Its area should be reduced to the scale 
of the drawing. 
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TABLE L 


Horizontal Distances and Elevations from Stadia Readings. 



1 0 ° 

1 

1 2 = 

1 30 

Minutes 

Hor. 

Dist. 

Diff. 

Elev. 

• Hor. 
Dist. 

Diff. 

Elev. 

Hor. 

Dist. 

Diff; 

Elev. 

Hor. 

Dist. 

Diff. 

Elev. 

0 

100.00 

0.00 

99.97 

1.74 

99.88 

3.49 

99.73 

5.23 

2 

100.00 

0.06 

99.97 

1.80 

99.87 

3.55 

99.72 

5.28 

4 

100.00 

0.12 

99.97 

1.86 

99.87 

3.60 

99.71 

5.34 

6 

100.00 

0.17 

99.96 

1.92 

99.87 

3.66 

99.71 

5.40 

8 

100.00 

0.23 

99.96 

1.98 

99.86 

3.72 

99.70 

5.46 

10 

100.00 

0.29 

99.96 

2.04 

99.86 

3.78 

99.69 

5.52 

12 

100.00 

0.35 

99.96 

2.09 

99.85 

3.84 

99.69 

5.57 

14 

100.00 

0.41 

99.95 

2.15 

99.85 

3.90 

99.68 

5.63 

16 

100.00 

0.47 

99.95 

2.21 

99.84 

3.95 

99.68 

5.69 

18 

100.00 

0.52 

99.95 

2.27 

99.84 

4.01 

99.67 

5.75 

20 

100.00 

0.58 

99.95 

2.33 

99.83 

4.07 

99.66 

5.80 

22 

100.00 

0.64 

99.94 

2.38 

99.83 

4.13 

99.66 

5.86 

24 

100.00 

0.70 

99.94 

2.44 

99.82 

4.18 

99.65 

5.92 

26 

99.99 

0.76 

99.94 

2.50 

99.82 

4.24 

99.64 

5.98 

28 

99.99 

0.81 

99.93 

2.56 

99.81 

4.30 

99.63 

6.04 

30 

99.99 

0.87 

99.93 

2.62 

99.81 

4.36 

99.03 

6.09 

32 

99.99 

0.93 

99.93 

2.67 

99.80 

4.42 

99.62 

6.15 

34 

99.99 

0.99 

99.93 

2.73 

99.80 

4.48 

99.62 

0.21 

36 

99.99 

1.05 

99.92 

2.70 

99.79 

4.53 

99.61 

6.27 

38 

99.99 

1.11 

99.92 

2.85 

00.79 

4.59 

99.00 

6.33 

40 

99.99 

1.16 

99.92 

2.01 

09.78 

4.65 

99..59 

6.,38 

42 

99.99 

1.22 

99.91 

2.07 

09.78 

4.71 

99..59 

6.44 

44 

99.9S 

1.28 

99.91 

3.02 

99.77 

4.76 

99..58 

6.50 

46 

99.98 

1.34 

99.90 

3.08 

00.77 

4.82 

99.57 

6.56 

48 

99.98 

1.40 

99.90 

3.14 

99.76 

4.88 

99.56 

6.61 

50 

99.98 

1.45 

99.90 

3.20 

90.76 

4.94 

99..56 

6.67 

52 

99.98 

1.51 

99.89 

3.26 

90.75 

4.99 

99.55 

0.73 

54 

99.98 

1.57 

99.89 

3.31 

00.74 

5.05 

99.54 

6.78 

56 

99.97 

1.63 

99.89 

3.37 

99.74 

5.11 

99.53 

6.84 

58 ! 

99.97 

1.69 

99.88 

3.43 

99.73 

5.17 

99.52 

6.90 

(iO 

99.97 

1.74 

99.88 

3.49 

99.73 

5.23 

99.51 

0.90 

f 75' 

0.75 

o'bT 

0.75 

0.02 

0.75 

0.03' 

0.75 

0.05 

f+e)j=J qo' 

1.00 

b.bi 

1.00 

0.03 

1.00 

0.04 

1.00 

0.06 
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TABLE L. 

(Continiied.) 

Horizontal Distances and Elevations from Stadia Readins^s. 



1 1 

1 __ __ 50 

1 

1 yo 

Minutes 

Hor. 

Dist. 

Diff. i 
Elev. 

Hor. 

Dist. 

Diff. 

Elev. 

Hor. 

Dist. 

Dill. 

Elev. 

Hor. 

Dist. 

Diff. 

Elev. 

0 

99.51 

6.96 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

2 

99.51 

7.02 

99.23 

8.74 

98.90 

10.45 

98.50 

12.15 

4 

99.50 

7.07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6 

99.49 

7.13 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8 

9t).48 

7.19 

88.20 

8.91 

98.86 

10.62 

98.46 

12.32 

10 

99.47 

7.25 

99.19 

8.97 

98.85 

10.68 

98.44 

12.38 

12 

99.46 

7.30 

99.18 

9.a3 

98.83 

10.74 

98.43 

12.43 

14 

99.46 

7.36 

99.17 

9.08 

98.82 

10.79 

98.41 

12.49 

16 

99.45 

7.42 

99.16 

9.14 

98.81 

10.85 

98.40 

12.55 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10.91 

98.39 

12.60 

20 

99.43 

7.53 

99.14 

9.25 

98.78 

10.96 

98.37 

12.66 

22 

09.42 

7.59 

99.13 

9.31 

98.77 

11.02 

98.36 

12.72 

24 

99.41 

7.65 

99.11 

9.37 

98.76 

11.08 

98.34 

12.77 

26 

99.40 

7.71 

99.10 

9.43 

98.74 

11.13 

98.33 

12.83 

28 

99.39 

7.76 

99.09 

9.48 

98.73 

11.19 

98.31 

12.88 

80 

99.38 

7.82 

99.08 

9.51 

98.72 

11.25 

98.29 

12.94 

32 

99.38 

7.88 

99.07 

9.60 

98.71 

11.30 

98.28 

13.00 

34 

99.37 

7.94 

99.06 

9.65 

98.69 

11.36 

98.27 

13.05 

36 

99.36 

7.99 

99.05 

9.71 

98.68 

11.42 

98.25 1 

1.3.11 

38 

99.35 

8.05 

99.04 

9.77 

98.67 

11.47 

98.24 , 

13.17 

40 

99.34 

8.11 

99.03 

9.83 

98.65 

11.53 

98.22 

12.22 

42 

99.33 

8.17 

99.01 

9.8S 

98.64 

11. .59 

98.20 

13.28 

44 

99.32 

8.22 

99.00 

9.94 

98.63 

11.64 

98.19 i 

13.33 

46 

99.31 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 ; 

13.39 

48 

99.30 

8.34 

98.98 

10.05 

98.60 

11.76 

98.16 

12.45 

50 

99.29 

8.40 

98.97 

10.11 

98.58 

11.81 

98.14 

13.50 

52 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.13 

13.56 

54 

99.27 

8.51 

98.94 

10.22 

98.56 

11.93 

98.11 

13.61 

56 

99.26 

8.57 

98.93 

10.28 

98.54 

11.98 

98.10 

13.67 

58 

99.25 

8.63 

98.92 

10.34 

98.53 

12.04 

98.08 

13.73 

60 

99.24 

8.68 

98.91 

10.40 

i 98.51 

12.10 

98.06 

13.78 

(f+c)=0.75 

1 

0.75 

0.06 

0.75 

0.07 

0.75 

0.08 

0.74 j 

0.10 
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TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Readings. 



1 8 ° 

1 9° 

1 IQO 

1 11 © 

Minutes 


Diff. 

Hor. 

Dill. 

Hor. 

Diff. 

Hor. 

Diff. 


Disl. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

98.06 

13.78 

97.55 

15.45 

96.98 

17.10 

96.36 

18.73 

2 

98.05 

13.84 

97.53 

15.51 

96.96 

17.16 

96.34 

18.78 

4 

98.03 

13.89 

97.52 

15.56 

96.94 

17.21 

96 . 32 ' 

18.84 

6 

98.01 

13.95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17.32 

96.27 

18.95 

10 

97.98 

14.06 

97.46 

15.73 

96.88 

17.37 

96.25 

19.00 

12 

97.97 

14.12 

97.44 

15.78 

96.86 

17.43 

96.23 

19.05 

14 

97.95 

14.17 

97.43 

15.84 

96.84 

17.48 

96.21 

19.11 

16 

97.93 

14.23 

97.41 

15.89 

96.82 

17.54 

96.18 

19.16 

18 

97.92 

14.28 

97.39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.34 

97.37 

16.00 

96.78 

17.65 

96.14 

19.27 

22 

97.88 

14.40 

97.35 

16.06 

96.76 

17.70 

96.12 

19.32 

24 

97.87 

14.45 

97.33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97.85 

14.51 

97.31 

16.17 

96.72 

17.81 

96.07 

19.43 

28 

97.83 

14.56 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

30 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19.54 

32 

97.80 

14.67 

97.26 

16.33 

96.66 

17.97 

96.00 

19.59 

34 

97.78 

14.73 

97.24 

16.39 

96.64 

18.03 

95.98 

19.64 

36 

97.76 

14.79 

97.22 

16.44 

96.62 

18.08 

95.96 

19.70 

38 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

19.75 

40 

97.73 

14.90 

97.18 

10.55 

96.57 

18.19 

95.91 

19.80 

42 

97.71 

14.95 

97.16 

16.61 

96.55 

18.24 

95.89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95.86 

19.91 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95.84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95.82 

20.02 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95.79 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

96.45 

18.51 

95.77 

20.12 

54 

97.61 

15.28 

97.04 

16.94 

90.42 

18.57 

95.75 

20.18 

56 

97.59 

15.34 

97.02 

16.99 

96.40 

18.62 

95.72 

20.23 

58 

97.57 

15.40 

97.00 

17.05 

96.38 

18.68 

95.70 

20.28 

60 

97.55 

15.45 

96.98 

17.10 

96.36 

18.73 

95.68 

20.34 

(f+f.)=0 75 

0“.74 

' O.TT 

0 . 74 ” 

6.12 

0.74 

o'. 14 

“ 0.73 

0.15 

(f4-c') = l 00 ! 

or 99 

“ 0.15 

O.W 

" 0 . 16 “ 

0.98 

0.18 

0.98 

0V20 
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TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Readings. 



120 

13° 

14° 

1 15® 

Minutes 

Hor. 

Dist. 

Diff. 

Elev. 

Hor. 

Di&t. 

Diff. 

Elev. 

Hor. 

Dist. 

Dill. 

Elev. 

Hor. 

DLst. 

Diu 

Elet 

0 

95.68 

20.34 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

2 

95.65 

20.39 

94.91 

21.97 

94.12 

23.52 

93.27 

25.05 

4 

95.63 

20.44 

94.89 

22.02 

94.09 

23.58 

93.24 

25.10 

6 

95.61 

20.50 

94.86 

22.08 

94.07 

23.63 

93.21 

25.15 

8 

95.58 

20.55 

94.84 

22.13 

94.04 

23.68 

93.18 

25.20 

10 

95.56 

20.60 

94.81 

22.18 

94.01 

23.73 

93.16 

25.25 

12 

95.53 

20.66 

94.79 

22.23 

93.98 

23.78 

93.13 

25.30 

14 

95.51 

20.71 

94.76 

22.28 

93.95 

23.83 

93.10 

25.35 

16 

95.49 

20.76 

94.73 

22.34 

93.93 

23.88 

93.07 

25.40 

18 

95.46 

20.81 

94.71 

22.39 

93.90 

23.93 

93.04 

25.45 

20 

95.14 

20.87 

94.68 

22.44 

93.87 

23.99 

93.01 

25.50 

22 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24 • 

95.39 

20.97 

94.63 

22.54 

93.81 

24.09 

92.95 

25.60 

26 

95.36 

21.03 

94.60 

22.60 1 93.79 

24.14 

92.92 

25.65 

28 

95.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

30 

95.32 

21.13 

94.00 

22.70 

93.73 

24.24 

92.86 

25.75 

32 

95.29 

21.18 

94.32 

22.75 

93.70 

24.29 

92.83 

25.80 

34 

95.27 ' 

21.24 

94.30 

22.80 

93.07 

24.34 

92.80 

25.85 

30 

95.24 

21.29 

94.47 

22.83 

93.05 

24.39 

92.77 

25.90 

3 S , 

95.22 

21. .34 

94.44 

22.91 

93.02 

24.44 

92.74 

25.95 

40 

'.) 5.19 

21. .39 1 

94.42 

22.90 

93 . 7)9 

24.49 

92.71 

26.00 

1 

42 

95.17 

21.45 

94.39 

23.01 

93 . 7 ) 1 ) 

24..55 

92.08 ^ 

26.05 

44 

95.14 

21.50 , 

94 . 3 () 

23.00 

93 . 7,3 

24.00 

92.05 

2 (). K ) 

4 () 

95.12 

21.55 

94.34 

23.11 

93.50 

24.05 

92.02 

26 ). 17 ) 

48 

95.09 

21.00 

94.31 

23.10 

93.47 

24.70 

92..59 

2().20 

30 

95.07 

21.00 

94 . 2 S 

23.22 

93 . 47 ) 

24.75 

92..50 

2().25 

32 

95.04 

21.71 

04.20 ' 

23.27 

93.42 ' 

24.80 

92.53 

26.30 

34 

95.02 

21.70 ' 

94.23 

23.32 

93.39 

24.85 

92.49 

2 (). 37 ) 

30 

94.99 

21.81 1 

94.20 

23.37 

93.36 

24.90 

92.46 

26.40 

58 

94.97 

21.87 ' 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

00 

94.94 ' 

21.92 i 

94.13 

23.47 1 93.30 

1 _ 

25.00 

92.40 

26.50 

(f+C)=:r0 75 

0 . 7 ^ 1 

o.io'i 

0.73 : 

0.17 1 

0.73 

' 0.19 1 

0.72 

~0^20 



60 


PLOTTING AND TOPOGEAPHY 


TABLE I. 

(Continued.) 

Horizontal Distances and Elevations from Stadia Reading:s. 



1 16° 

1 170 

1 18° 

1 190 

Minutes 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 


Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0 

92.40 

26.50 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

2 

92.37 

26.55 

91.42 

28.01 

90.42 

29.44 

89.36 

30.83 

4 

92.34 

26.59 

91.39 

28.06 

90.38 

29.48 

89.33 

30.87 

6 

92.31 

26.64 

91.35 

28.10 

90.35 

29.53 

89.29 

30.92 

8 

92.28 

26.69 

91.32 

28.15 

90.31 

29.58 

89.26 

30.97 

10 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12 

92.22 

26.79 

91.26 

28.25 

90.24 

29.67 

89.18 

31.06 

14 

92.19 

26.84 

91.22 

28.30 

90.21 

29.72 

89.15 

31.10 

16 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

31.15 

18 

92.12 

26.94 

91.16 

28.39 

90.14 

29.81 

89.08 

31.19 

20 

92.09 

26.99 

91.12 

28.44 

90.11 

29.86 

89.04 

31.24 

22 

92.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

24 

92.03 

27.09 

91.06 

28.54 

90.04 

29.95 

88.96 

31.33 

26 

92.00 

27.13 

91.02 

‘ 28.58 

90.00 

30.00 

88.93 

31.38 

28 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.89 

31.42 

30 

91.93 

27.23 

90.96 

28.68 

89.93 

30.09 

88.86 

31.47 

32 

91.90 

27.28 

90.92 

28.73 

89.90 

30.14 

88.82 

31.51 

34 

91.87 

27.33 

90.89 

28.77 

89.86 

30.19 

88.78 

31.56 

- 36 • 

91.84 

27.38 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38 

91.81 

27.43 

90.82 

28.87 

89.79 

30.28 

88.71 

31.65 

40 

91.77 

27.48 

90.79 

28.92 

89.76 

30.32 

88.67 

31.09 

42 

91.74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31.74 

44 

91.71 

27.57 

90.72 

29.01 

89.09 

30.41 

88.60 

31.78 

46 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

48 

91.65 

27.67 

90.66 

29.11 

89.61 

30.51 

88.53 

31.87 

50 

91.61 

27.72 

90.62 

29.15 

89.58 

30.55 

88.49 

31.92 

52 

91.58 

27.77 

90.59 

29.20 

89.54 

30.00 

88.45 

31.90 

54 

91.55 

27.81 

90.55 

29.25 

89.51 

30.65 

88.41 

32.01 

56 

91.52 

27.86 

90.52 

29.30 

89.47 

30.09 

88.38 

32.05 

58 

91.48 

27.91 

90.48 

29.34 

89.44 

30.74 

88.34 

32.09 

60 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

88.30 

32.14 

(f-fc)=0.75 

■ 0.72 

0.21 

0.72 

0.23 

0.71 

0.24 

0.71 

0 . 25 ' 

(f+c)=1.00 

0.86 

0.28 

0.95 

0.30 

0.95 

0.32 

0.94 

0'33 
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TABLE I. 

(Continiied.) 

Horizontal Distances and Elevations from Stadia Readings. 



1 20® 

1 21® 

1 22® 

1 28® 

Minutes 

Hor. 

Dist. 

Diir. 

Elev. 

Hor. 

Dlst. 

Dilf. 

Elev. 

Hor. 

Dlst. 

Dill. 

Elev. 

Hor. 

Dist. 

Dill. 

Elev. 

0 

88.30 

32.14 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

2 

88.26 

32.18 

87.12 

33.50 

85.93 

34.77 

84.69 

36.01 

4 

88.23 

32.23 

87.08 

33.54 

85.89 

34.82 

84.65 

36.05 

6 

88.19 

32.27 

87.04 

33.59 

85.85 

34.86 

84.61 

36.09 

-8 

88.15 

32.32 

87.00 

33.63 

85.80 

34.90 

84.57 

36.13 

10 

88.11 

32.36 

86.96 

33.67 

85.76 

34.94 

84.52 

36.17 

12 

88.08 

32.41 

86.92 

33.72 

85.72 

34.98 

84.48 

36.21 

14 

88.04 

32.45 

86.88 

33.76 

85.68 

35.02 

84.44 

36.25 

16 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

84.40 

36.29 

18 

87.96 

32.54 

86.80 

33.84 

85.60 

35.11 

84.35 

36.33 

20 

87.93 

32.58 

86.77 

33.89 

85.56 

35.15 

84.31 

36.37 

22 

87.89 

32.63 

86.73 

33.93 

85.52 

35.19 

84.27 

36.41 

24 

87.85 

32.67 

86.69 

33.97 

85.48 

35.23 

84.23 

36.45 

26 

87.81 

32.72 

86.65 

34.01 

85.44 

35.27 

84.18 

36.49 

28 

87.77 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30 

87.74 

32.80 

86.57 

34.10 

85.36 

35.36 

84.10 

36.57 

32 

87.70 

32.85 

86.53 

34.14 

85.31 

35.40 

84.06 

36.61 

34 

87.66 

32.89 

86.49 

34.18 

85.27 

35.44 

84.01 

36.65 

36 

87.62 

32.93 

86.45 

34.23 

85.23 

35.48 , 

83.97 

36.69 

38 

87.58 

32.98 

86.41 

34.27 1 

85.19 

35.52 ' 

83.93 

36.73 

40 

87.54 

33.02 

86.37 

34.31 1 

85.15 

35.56 

83.89 

36.77 

42 

87.51 

33.07 

86.33 

34.35 I 

85.11 

35.60 ! 

83.84 

36.80 

44 

87.47 

33.11 

86.29 

34.40 

85.07 

35.64 

83.80 

36.84 

46 

87.43 

.33.15 

86.25 : 

34.44 i 

85.02 

35.68 

83.76 

36.88 

48 

87.39 

33.20 

86.21 

34.48 

84.98 

35.72 , 

83.72 

36.92 

50 

87.35 

33.24 

86.17 

34.52 

84.94 

35.76 1 

83.67 

36.96 

52 

87.31 

33.28 

86.13 

34.57 

84.90 

35.80 

83.63 

37.00 

54 

87.27 

33.33 

86.09 

34.61 

84.86 

35.85 i 

83.59 

37.04 

56 

87.24 

33.37 

86.05 

34.65 

84.82 1 

35.89 

83.54 

37.08 

58 

87.20 

33.41 

86.01 

34.69 

84.77 

35.93 1 

83.50 , 

37.12 

60 

87.16 

33.46 

85.97 

34.73 

84.73 ! 

35.97 i 

83.46 

37.16 


0.70“ 

'0.26“ 

“1).70 

“0.27 ; 

“0.69 ; 

~0.29 . 

“1)^()9 

~0."30 
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TABLE I. 

(Ctsttetted.) 

HofflxoMtai DMmces «ad Efevatk>iis from Stadia Readiiig:s. 



wo 


SC® 

27® 

lOantM 

Bor. 

dim. 

Dur. 

Stor. 

Hor. 

mat. 

Dlff. 

Eler. 

Hor. 

]Dlh&* 

Diff. 

Elev. 

Hor. 

Dist. 

Dlff. 

Elev. 

0 

83.46 

37.16 

82.14 

38.30 

80.78 

39.40 

79.3^ 

40.45 

2 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.49 

4 

83.37 

37.23 

82.05 

38.38 

80.69 

39.47 

79.30 

40.52 

6 

83.33 

37.27 

82.01 

38.41 

80.65 

39.51 

79.25 

40.55 

8 

83.28 

37.31 

81.96 

38.45 

80.60 

39.54 

79.20 

40.59 

10 

83.24 

37.35 

81.92 

38.49 

80.55 

39.58 

79.15 

40.62 

12 

83.20 

37.39 

81.87 

38.53 

80.51 

39.61 

79.11 

40.66 

14 

83.15 

37.43 

81.83 

38.56 

80.64 

39.65 

79.06 

40.69 

16 

83.11 

37.47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

18 

83.07 

37.51 

81.74 

as.r)4 

80.37 

39.72 

78.96 

40.76 

20 

83.02 

37.54 

81.09 

38.67 

80.32 

39.76 

78.92 

40.79 

22 

82.98 

37.58 

81.05 

38.71 

80.28 

39.79 

78.87 

40.82 

24 

82.93 

37.02 

81.00 

3.8.75 

80.23 

39.83 

7S.S2 

40.86 

20 

82.89 

37.00 

81. .50 

.3.8.78 

80.18 

39.86 

78.77 

40.89 

28 

82.85 

37.70 

81.51 

38.02 

80.14 

39.90 

78.73 

40.92 

30 

82.80 

37.74 

.81,47 

38.80 

80.09 

39.93 

7S.6S 

40.96 

32 

82.70 

37.77 

,81.42 

3,8.,89 

.80.04 

39.97 

78.03 

40.99 

34 

82.72 

37.81 

.81.3,8 

3,8.93 

.80.00 

40.00 

7S..58 

41.02 

3(; 

82.ti7 

37., 85 

.81.33 

3.8.97 

79.95 

40.04 

7S.r)4 

41.00 

3S 

82.0.3 

37. .89 

,81.2.8 

39.00 

79.90 

40.07 

7S.49 

41.09 

40 

,82..")S 

37.93 

.81.24 

39.04 

79.80 

40.11 

7S.44 

41.12 

42 

82..')4 

37.90 

.si.in 

39.08 

79.81 

40.14 

7s.:^s 

41 10 

44 

s2.4‘) 

3,8.(HI 

.81.15 

39.11 

79.70 

40.1,8 

7S.:U 

41.19 

4<; 

v2.4.") 

38.04 

.81.1(1 

39.15 

79.72 

40.21 

7s.:^o 

41.22 

4s 

S2.41 

38.(1S 

.81.00 

39.18 

79.07 

40.24 

7S.2:) 

41.20 

r>o 

‘^2.30 

38.11 

.81.01 

39.22 

79.02 

40.28 

7S.20 

41.29 

.">2 

v2 32 

.38 15 

80.97 

39.20 

79.5,8 

40.31 

7s.i:) 

41.32 

:»4 

s2 27 

38.19 

80.92 

39.29 

79..53 

40.35 

79.10 

41.35 


^2 23 

3S.23 

80.S7 

39.33 

79.4.8 

40.3,8 

79.00 

41.39 

r>s 

S2. 1 8 

.3s 20 

80.S.3 

39.30 

70.44 

40.42 

7S.01 

41.42 

r»i) 

s2 14 

.38 30 

80.78 

39.40 

79.39 

40.45 

77.90 

41.45 

' -<i 7' 

(t.Os 

0.31 

0.08 

O.oiF 

0.07 

0.33 

0.00 

0.35 

r-.o-i (H) 

0 'll 

0 11 

0.90 

0.43 

~0.,89 

0.45 1 

0.89, 

0.46 



Horizoirtai 


MloiiUa 


0 
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TABUS L 


i _ . . 


m 

1 Hot. 

DM. 

Mar. 

DM. 

Bm. 

DM. 

WM. 

Xlw. 

Dtat. 

XtoT. 

DIM. 

mtfw. 

77.96 

41.45 

76.50 

42.40 

75j00 

4HM 

77.91 

41.48 

76.45 

42.43 

74.96 

4i3S 

TTM 

41.52 

76.40 

42.46 

74.90 

43JS 

77.81 

41.55 

76.35 

42.49 

74.85 

43je 

77.77 

41.58 

76.30 

42.53 

74.80 

43.42 

77.72 

41.61 


42.56 

74.75 

43.45 

77.67 

41.65 

76.20 

42.59 

74.70 

43.47 

77.62 

41.68 

76.15 

42.62 

74.65 

43.50 

77.57 

41.71 

76.10 

42.65 

74.60 

43.53 

77.52 

41.74 

76.05 

42.68 

74.55 

43.56 

77.48 

41.77 

76.00 

42.71 

74.49 

43.59 

77.42 

41.81 

75.05 

42.74 

74.44 

43.62 

77.38 

41.84 

75.90 

42.77 

74.39 

43.65 

77.33 

41.87 

75.S5 

42..SO 

74.34 

43.67 

77.28 

41.00 

73.80 

42.S3 

74.20 

43.70 

77.23 

41.03 

75.75 

42.sC 

74.24 

43.73 

I 77. IS 

41.07 

75.70 

42.n'V» 

74.19 

43.70 

1 77.13 

42.(X) 

75. (vS 

42.92 

74.14 

43.79 

77.l)f) 

42.03 

75.r»0 

42.95 

74.n‘.» 

43.S2 

77.04 

42.(H’i 

75,.”»5 

42.9S 

74.(»4 

43.S4 

7i».W 

42.(1*! 

77»..5< ) 

43.ni 

73.'. 

43. "^7 

7f..04 

42.12 

75 45 

43.n4 

73 '.M 

43.'mi 

7ti.S!) 

42.13 

75 4i » 

43 n7 

73 "vs 

4.1 '*3 

7»».M 

42.1;t 

75 .S.5 

4:; in 

73 s.; 

43 m:. 

70..7‘4 

42 22 

75 .;n 

43 13 

73 7'^ 

4.; ns 

70»,74 

42.23 

7’i 25 

43 ]u 

1 • I j 3 

44 nl 


42.2n 

75 '2i ) 

43 ]s 

73 

44 1*4 

70».(»4 

42..31 

75 15 

43 21 

73 

41 i»7 

70... ")0 

42.34 

7.> In 

43 24 

7 : 5s 

44 

7< 

42 37 

75 1 15 

43 27 

1 • 1 '2 

14 12 

7t»..7l) 

42.40 

7'HMl 

43 3n 

73 47 

4113 

O.IU) 

0.36 

n t r. 

n 37 

{ » 1 .5 

n .Is 

O.ss 

0.4'' 

().n7 

{) 4n 

n sr, 

n51 
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EXCELLENT EXAMPLE OF COUNTRY fflGHWAY MADE DUSTLESS BY THE USE OF TARVIA SURFACE 

Courli \y of linrrett Manufacturing (’ompany. New York City, New York 


HIGHWAY CONSTRUCTION 

PART I 


COUNTRY ROADS AND BOULEVARDS 

RESISTANCE TO MOVEMENT OF VEHICLES 

The object of a road is to provide a way fw the tiansportatioii 
of persons and goods from one place to anotho* with the kaat 
expenditure of power and expense. The facility with which thb 
traffic or transportation may be oonductcd over any given road 
depends upon the resistance offered to the movement erf vebicies. 
This resistance is composed of: (1) resistance offered by the road- 
way, which consists of (a) ^'friction” between the surface of the 
road and the wheel tires, (b) resistance offered to the rolling of 
the wheels occasioned by the want of uniformity in the road surface 
or lack of strength to resist the penetrating efforts of loaded wheels, 
(c) resistance due to gravity called ^^grade resistance'’; (2) resistance 
offered by vehicles, termed “axle friction”; and (3) resistance of 
the air. The magnitude of each of the comjxments has a \\ide 
range, varxing with the kind and condition of the road and its 
surface, the form and condition of the vehicle, the load, and the 
speed. 

Resistance to Traction. The combination of mad re^'i^taiu-es 
is dc'-ignated by the general term “resistaiu*e tn tmetinn , the 
magnitude (»f whieh is measured by the luiiubi-r ff imiuimIn <'f effort 
per toll of the load recpiireil to o\ereume it; tlii^ i*' eriairt d b\ 
a form of spring-balance \arioii>ly ealleil “d.MiMi:ra]>li , “ir.i.tt*- 
graph”, ete., one end of \\Iiieh i-^ aitaelietl to the vt‘ih< !«•' and the 
other end to the draft animal^. 

The road wliieh offers the lea^t re^i^lanee to traffn "liould 
(‘oinbine a surface on wliich ibe friction of tlie \Niictb i-' rcdiaeil 
to the least po'^^ible amount, ^^hile ]Mi--c--inir '>nth» imt roiu'hnc'- 
to art'ord good foothold for the draft animaK and goo,l adlu-ion 
for motor vehiele'>; and should be so Io<-ate*l a*' to gi^e the niost 
direct route with the least gradients. 
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TABLE I 


to Tractloa on Different Road Surfaces 


BinwAca 

TsAcnoN Rbsistancb 

rmtzkds per Ton 

Ini Terms of Load 

Birib 

60 to 200 

A to A 

Qmifel 

so to 100 

^ to 

Bindi 

100 to 200 

A to A 


30 to 100 

iV to 

Flaakmd 

30 to 50 

iV to A 

Stoat wiioalwij 

16 to 40 

lis to A 


Fridiaiu Tlie resistance of friction arises from the nibbing 
of tike iHheel tires against the stirface of the road; its amount can 
be determmed only by experiment for each kind of road surface. 
From many experiments the following deductions are drawn: 

(1) The reeista&oe to traction is directly proportional to the pressure. 

(2) On aolid unyielding surfaces, the resistance is independent of the 
width of the tire; but on compressible surfaces it decreases as the width of the 
tiro increasee. There is no material advantage gained, however, in making 
a tire more than 4 inches wide, for the reason that it is impossible to distribute 
the load evenly over the road owing to the irregularities and curvatures of its 
surface. 

(3) On uniformly smooth surfaces, the resistance is independent of the 
^>eed. 

{4j On rough irregular surfaces, w’hich give rise to constant concussion, 
the resistance iiKTeas^^y with the sjieed. 

Table I shows the relative resistance to traction of various 
surfatvs. These c^oefficients refer to the power required to keep the 
load in motion. It requires from two to six or eight times as much 
h>rce to start a load as it does to keep it in motion at two or three 
miles per hour. The extra force required to start a load is due in 
part to the fact that during the stop the wheel may settle into the 
road siirfact*, in ])art to the fact that the axle friction at starting 
greater than after motion has begun; and in part to the fact 
that eiKTg\ is consumed in accelerating the load. 

iu RiiUtng. Resistance to rolling is caused partly 
by the wheel penetrating or sinking below the surface of the road, 
forming a <lep^es^i(^n or rut, as shown in Fig. 1, thus compelling 
the wheel to be continually rolling up a .short incline. The measure 
of this resistance is the liorizontal force necessary at the axle to 
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roll it up the incline; and La equal to the product of the load multi- 
plied by one-third of the semi-chord of the submerged are of the 
wheel. 

Reastance to rolling is also caused by the wheel strikiiig or 
colliding ^ith loose or projecting stones* whidh suddenly 



the motive power; the momentum thus dcstroj^ varies with the 
height of the stone or obstacle and is often considerable. 

In both cases the power required to overcome the resistance 
is affected largely by the diameter of the wheel, as the larger the 
wheel the less force is required to lift it over the obstruction or 
to roll it up the inclination due 
to the indentation of the sur- 
face. 

Illustrative Example, The 
power required to draw a wheel 
over a stone or any obstacle, 
such as N in Fig. 2, may be thus 
calculated: 

Let P represent the power 
sought, or that which would 
jii>t balance the weight on the 
point of the stone, and the slightest inerea^^ nf \\liieh \\t»uld draw 
it over. This power acts in the direction ( P \uih the le\erage of 
BC or 1)E, The h>rce of gra\iiy IF re^i-t'' in the tiirt-ition 
CB with the leverage BD. The equation of equilibrium will be 
PxCB=U xBI)y whence 



p=n 


BD 


B 


BC^- 

CA-AB 
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Let the redius of the wheel equal CD 26 inches, and the height 
ol ^ obstacle equal AB^4 inches. Let the weight ir=500 
poandh, of which 200 potmds may be the weight of the wheel and 
300 pounds the load on the aide. 'Hie formula then becomes 


P’^SOO 


V676 - 484_ 
26-4 


■ 500 


13.85 

22 


■314.7 lb. 


The p re s s u re at the pmnt D is compounded of the weight and the 

power, and equak 


>*■^-500x1. 


= 591 lb. 


Tbmfaie thk pre^iire acts with this great effect to destroy the road 
in its ocdluaoa with the stone; in addition there is to be considered 
' the effect of the blow given by the wheel in descending from it. 
For minute accuracy the non-horizontal direction of the draft and 
the thickness of the axle should be taken into account. The power 
required is lessened by proper springs to vehicles, by enlarged wheels, 
and by making the line of draft ascending. 

IlIustraHte Example. The mechanical adv^antage of the wheel 
in surmounting an obstacle may be computed from the principle 

of the lever. Let the wheel, 
Fig. 3, touch the horizontal line 
of traction in the point A and 
meet a protuberance BD. Sup- 
pose the line of draft CP to be 
parallel to AB. Join CD and 
draw the ])eri)eiidiculars 1)E and 
I)F. may sllpp()^e the power 
to he a])plieil at E and tlie weight 
at F, and the action is then the 
same a> the bent le\er turning round the fulcrum at 7). Hence 
P : II' ::FI) : DE. But 77; : ]>E::tanFrD : 1 ; and tan 7Y7; = 
tan 2 DAB; therefore P= II ’tan 2 DAB. Now it is obvious that the 
angle DAB in<•^e:^'^es as the railius of the circle diminibhes; there- 
fore, the Weight II lieiiig constant, the ])ower required to overcome 
an oh^taele of gi\en height is diminished when the diameter is 
inereasrd. I^irge wheels are, therefore, the be^t adapted for sur- 
mounting inequalities of the road. 



Fig 3 


Funt* DiairrHm f»*r W httl Drawn 
«.\t r < tLi'tuilf 
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TABLE II 

Raristance Due to Orsritjr on D Ufcn a ut InrHuoflluia 


OrMk 1 inch 

m 

dO 

40 


m 

m 

80 


364 

m 

m 

|3 

88 

78 

66 

per ton 

100 

«l 

H 



»♦ 

25 




32tiao 


IlOO 

43 


imkBO 

T 


There are, howevor, drcuipstanoes which provide fimita to 
the b^ght of the wheds of vdhicle&. If the radius AC e xce e ds 
the height of that part of the horse to whidi the traoes sine attached» 
the line of traction CP will be mcfined to the horse, and part of the 
power will be exerted in pressing the wheel against the gmund. 
The best average size of wheels is considered to be about 6 feet in 
diameter. Wheels of large diameter do less damage to a road than 
small ones, and cause less draft for the horses. With the same load, 
a two-wheeled cart does far more damage than one with four wheels, 
and this because of their sudden and irregular twisting motion in 
the trackway. 

Grade Resistance. Grade resistance is due to the action of 
gravity, and is the same on good and bad roads. On level roads 
its effect is immaterial, as it acts in a direi-tlun perpendicular to 
the plane of the horizon and neither accelerates nor retards motion. 
On inclined roads it offers considerable resistance, pniportional to 
the steepness of the incline. The ^ed^tance due to gravity f»n any 
incline in pounds ])er tun i-* ecjual to 

M M I 

rale of grail e 

Table II shows the ^e^i^tall(•e due to gravity on ilitfereni irrades. 
The additiinial roistance cau>cd In* iiuliiie^ ina\ in* iii\ e-tii:ateil 
in the following illu^trated example. 

II1u,^ir(itivc K, rumple. Suppose the win tie weiirlit to K* in true 
on one pair of wheeK, and that the traai\e fon e i- api»lied in a 
directiem parallel to the surface of tlie road. 

Let J/^, Fig. 4, represent a t»f the iin lined n*ad, 

being a vehicle ju>t su^tained in it& ])0'itii»n b\ a f«*rue a<-tiiig in tiie 
direction CD. It is e\ident that the velTule kept in il=> j^o^iiion 
by three forces: namely, by its own weight H acting in the \erTieal 





6 


JtUUtlWAX 







to tlie surface of the road; and by the pressure P which the vehicle 
exerts against the surface of the road acting in the direction CE 
perpendksdar to the same. To determine the relative magnitude 
of these three draw the horkontd line AG and the vertical 

film iK7; th< Pi since the two lines CF and BO are parallel and are 
both cut by the line AB, they must make the two angles CFE and 
ABO equal; also the two angles CEF ainl AGB are equal; there- 
fore, the raaMuning angles FOE and BAG a.re equal, and the two 
triani^ CFE and ABO are similar. And as the three sides of 

the former are proportional to 
the three forces by which the 
vehicle is sustained, so also 
are the three sides of the lat- 
ter; namely, the length of the 
road AB is proportional to 
W, or the weight of the 
vehicle; the vertical rise BG 
is proportional to F, or the 
force required to sustain the 
vehicle on the incline; and the horizontal distance AG in which 
the rise occurs is proportional to P, or the force with which the 
vehicle presses upon the surface of the road. Therefore, 

AB::F:GB 

and 

JV:JB::P:AG 



Fk[. 4. ForMM 

Dimwn up loe! 


on Vehicle When 
Hoad 


If to JG such a value be assigned that the vertical rise of the 
road is exactly one foot, then 


F 


ir 

AB VJ6’2+1 


= ir sin .1 


and 


irx-iG 

AB 


JVXAG 


= ircos A 


in which A is the angle B.IG. 

To find the force requisite to sustain a vehicle upon an inclined road 
( the etfect s of friction being neglected), divide the weight of the vehicle 
and its load by the inclined length of the road, the vertical rise of 
which is one foot, and the quotient is the force required. 
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TABLE III 

Tractive Power of Horses at Different Velocities 


Milus per Hour 

Tractive Force 
( lb) 

Miles per Hour 

Tracttve Force 
( lb.) 

f 

333.33 

2i 

Ill 11 

1 • 

250 

24 

100 

li 

200 

2f 

90.91 


166 66 

3 

83.33 

li 

142.86 

34 

71.43 

2 

125 

4 

62.50 


To find the 'pressure of a 'vehicle against the surface of an inclined 
road, multiply the weight of the loaded vehicle by the horizontal 
length of the road, and divide the product by the inclined length 
of the same; the quotient is the pressure required. The force 
with which a vehicle presses upon an inclined road is always less 
than its actual weight; the difference is so small that, unless the 
inclination is very steep, it may be taken equal to the weight of the 
loaded vehicle. 

To find the resistance to traction in passing up or doion an incline, 
ascertain the resistance on a level road having the same surface as 
the incline, to which add, if the vehicle ascends, or. subtract, if 
it descends, the force requisite to sustain it on the incline; the sum 
or difference, as the case may be, will express the resistance. 

Tractive Power and Gradients, Although transportation by 
mechanically propelled vehicles will continue to increase, it is not 
probable that for many years it will become more important than 
traffic drawn by animals; and as mechanically propelled vehicles 
can ascend any grade feasible for animals, it is only necessary to 
discuss the eflect of grades on horse-drawn traffic. 

Trariive Power of Horses, The necessity for easy grades is 
dependent upon the power of the horse to overcome the resistance 
to motion, which is composed of four forces, viz, friction, collision, 
gravity, and resistance of air. All estimates on the tractive power 
of horses must to a certain extent be vague, owing to the different 
strengths and speeds of animals of the same kind, as well as to the 
extent of their training to any particular kind of w^ork. 

The draft or pull which a good average horse, w'eighing 1,200 
pounds, can exert on a level, smooth road at a speed of 2^ miles per 
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TABLE IV 

Variation of Tractive Power with Time 


Houbs pbr Day 

Tractive Force 
( lb) 

Hours per Day 

Tractive Force 
( lb.) 

10 

100 

7 

146| 

9 

iiii 

6 

mi 

8 

125 

5 

200 


Note: The tractive power of teams may be found by multiplying the 
above values by the following constants: 

1 horse =1 

2 horses 0 95 X2 = 1 . 90 

3 horses 0 85 X3 = 2 . 65 

4 horses 0.80X4=3.20 

hour is 100 pounds; which is equivalent to 22,000 foot-pounds per 
minute, or 13,200,000 foot-pounds per day of 10 hours. The tractive 
power diminishes as the speed increases and, perhaps, within 
certain limits, say from f mile to 4 miles per hour, nearly in inv(*rse 
proportion to it. Thus the average tractive for(*e of a horse, on a 
level, and actually pulling for 10 hours, may he assum(‘(l approx- 
imately as shown in Table III. 

The work done by a horse is greatest when th<* velocity with 
which he moves is one-eighth of the great(‘st velocity with which 
he can move when unloaded; and the force thus cxtTtc'd is 0. IT) 
of the utmost force tliat he can exert at a (K‘a<l pull. The tra<’ti\(‘ 
power of a horse may be increa.sed in about th(‘ snia* proportion 
as the time is diminished, so that wIhui working from o (o K) hour^ 
on a level, it will be about as shown in Table \ \ . 

Loss of Tractive Poircr on Inclines, In a^ciuiding imTmes ji 
horse’s power diininislies rapidly; a larg(* portion of liu ^tnaigtli i'. 
expended in ovtTcoiniiig the r(‘^istau<•e of gra\ity dm* to In', own 
weight and that of the load. "Jable V shows that as tli<‘ sl<*cpiir.^ 
of the grade increases, the ediciciicy of both tin* lior>(‘ aial tli<‘ ro;i<l 
surface diiniiiishes; that the more of tin* horde’s ciun-gv which i-. 
expended ill overcoming gravity, the Ic^^ riniiaiiis to o\ <'rcoiiic t he 
surfa(‘e resistance. 

Tal)le \ 1 show^s the gross load wliich an a\crag(‘ Iioi'm*, weighing 
1,200 pounds, can draw on diliVrciit kinds of road surface^, on a 
level and on grades rising 5 and 10 feet jkt 100 feet. 
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TABLE V 


Effects of Grades upon the Load a Horse Can Draw on Different 

Pavements 


Grade 

1 

Earth 

Broken Stone 

Stone Blocks 

Asphalt 

Level 

1 00 

1 00 

1 00 

1.00 

1 : 100 

.80 

.66 

.72 

.41 

2 : 100 

.66 

.50 

.55 

.25 

3 : 100 

.55 

.40 

.44 

.18 

4 : 100 

.47 

.33 

.36 

.13 

5 : 100 

.41 

.29 

.30 

.10 

10 : 100 

.26 

.16 

.14 

.04 

15 : 100 

.10 

.05 

.07 


20 : 100 

.04 


.03 



The decrease in the load which a horse can draw upon an incline 
is not due alone to gravity; it varies with the amount of foothold 
afforded by the road surface. The tangent of the angle of inclination 
should not be greater than the coefficient of tractional resistance. 
Therefore, it is evident that the smoother the road surface, the easier 
should be the grade; the smoother the surface the less the foothold, 
and consequently the less the possible load. 

The loss of tractive power on inclines is greater than any inves- 
tigation will show; for, besides the increase of draft caused by 
gravity, tlie power of tlie horse is much diminished by fatigue upon 
a long ascent, and even in greater ratio than man, owing to its 
anatomical formation and great weight. Though a horse on a 
level is as strong as five men, on a grade of 15 per cent, it is less 
strong than tliree; for tliree men carrying each 100 pounds will 
ascend such a grade faster and with less fatigue than a horse with 
300 ])onnds. 

A liorse can exert for a short time twice the average tractive 
])ull wliich he can exert continuously througlioiit the day’s vork; 
hcnc(‘, so long as the resistance on the incline is not mor(‘ than double 
tlie r(‘sistance on the lc\el, the horse will he able to take up the full 
load which he is capable of drawing. 

Steep grades are thus seen to be objeetional)le, and ])artieularly 
so when a single one occurs on an otherwise comparatively level 
road, in which ease the load carried over the less inclined portions 
must l)e reduced to what can be hauled up the steeper portion. 

l^jul pflVr't'si nf j>TJHh‘S are esneeiallv felt in winter. 
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Gross Loads for Horse on Different Pavements on Different Grades 


Description of Surface 

Level 

Grade 
( 6 per cent) 

Gradb 
( 10 per cent) 

Asphalt 

Broken stone (best condition) 

Broken stone (slightly muddy) 

Broken stone (ruts and mud) ^ 

Broken stone (very bad condition) 
Earth (best condition) 

Earth (average condition) 

Earth (moist out not muddy) 
Stone-block pavement (dry and clean) 
Stone-block pavement (muddy) 

Sand (wet) 

Sand (dry) 

13,216 

6.700 

4.700 
3,000 
1,840 
3,600 
1,400 
1,100 
8,300 

1 6,250 

1,500 
1,087 

1,840 

1,500 

1,390 

1,040 

1,500 

900 
! 780 

1,920 

i 1,800 

1 675 

446 

1,060 

1,000 

890 

740 

930 

660 

600 

1,090 

1,040 

390 

217 


when ice covers the roads, for the slippery condition of the surface 
causes danger in descending, as well as increased labor in ascending; 
during heavy rains the water also runs down the road and gulleys 
it out, destroying its surface, thus causing a constant expe^nse for 
repairs. The inclined portions are subject to gr(‘at(T wear from 
horses ascending, thus requiring thicker covering than the more 
level portions, and hence increasing tlie cost of construction. 

It will rarely be possible, except in a fiat or conn)arati\ cl y lc\ el 
country, to combine easy grades witli the l)(‘st and most din'ct 
route- Tliese two requirements will oft(‘n conflict. In such a case, 
increase the length of the road. The ])r()j)()rti(ni of this incrcasi* 
will depend upon the friction of the co\ering which is ado|)tc<i. 
But no general rule can be given to in(‘(‘t all eases as respects the 
length wdiich may thus l)e add(‘d, for the comparati \ liiiK* oeeiipi(Ml 
in making the journey forms an important (‘leimsit iu any cas(‘ 
wdiich arises for settlement. l)isrt‘gar(ling tiiiu*, tin* liori/ontjil 
leiigthof a road may l)e increased to a\old a o jxt cent grade, .sc\eiit\ 
times the height. 

Table VII shows, for most ])ractieal j)iirpos(‘s, th(‘ fore<* re(|uired 
to draw loaded vehicles over inclined roads. In tlu* fifth coluiiiii 
the length given is the length which would recpiin* the saiiu^ inoti\(* 
power to be expended in drawing the load o\er it, as would be 
necessary to draw over a mile of the inclined road. Tin* loads 
orivpn in tliP m'vtb column nre the maximnm loads which a\tTaL^e 
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Data for Loaded Vehicles over Inclined Roads 
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Rate of Grade 
(ft. per 100 
ft) 

Pressure on 
Plane 

(lb per ton) 

Tendency 
down Plane 
(lb. per ton) 

Power 
Required to 
Haul 1 Ton 
up Plane 
Clb) 

Equivalent 
Length of 
Level Road 
(mi) 

Maximum 
Load Horse 
Can Haul 
(lb.) 

0.00 

2240 

.00 

45 00 

1.000 

6270 

0.25 

2240 

5.60 

50 60 

1.121 

5376 

0.60 

2240 

11.20 

56 20 

1 242 

4973 

0.75 

2240 

16 80 

61 80 

1.373 

4490 

1.00 

2240 

22.40 

67 40 

1.500 

4145 

1.25 

*2240 

28 00 

73 00 

1.622 

3830 

1.50 

2240 

33.60 

78 60 

1.746 

3584 

1.75 

2240 

39.20 

84 20 

1 871 

3290 

2.00 

2240 

45.00 

90 00 

2.000 

3114 

2 25 

2240 

50 40 

95 40 

2.120 

2935 

2.50 

2240 

56.00 

101.00 

2.244 

2725 

2 75 

2240 

61 33 

106.33 

2.363 

2620 

3.00 

2239 

67.20 

112.20 

2.484 

2486 

4 00 

2238 

89.20 

134 20 

2.982 

2083 

5.00 

2237 

112 00 

157.00 

3 444 

1800 

6 00 

2233 

134.40 

179.40 

3 986 

1568 

7 00 

2232 

156 80 

201.80 

4.844 

1367 

8 00 

2232 

179 20 

224.20 

4 982 

1235 

9 00 

2231 

201 60 

246 60 

4.840 

1125 

10 00 

2229 

224 00 

269 00 

5 977 

1030 


• Near enough for practice; actually 2239 888 
Pressure on plane =weightXnat cos of angle of plane 

horses weighing 1,200 pounds can draw over such inclines, the friction 
of the surface being taken at -^V of the load drawn. 

Axle Friction, The resistance of the hub to turning on the 
axle is the same as that of a journal revolving in its bearing, and has 
nothing to do with the condition of the road surface. The coefficient 
of journal friction varies with, the material of the journal and its 
bearing, and with the lubricant. It is nearly iiulci)cndcnt of the 
velocity, and seems to vary about inversely as the square root of the 
])ressiire. For liglit carriages when loaded, the coefficient of friction 
is about 0.020 of tlie weight on the axle; for the ordinary thimble- 
skein wagon when loaded, it is about 0.012. Tlicse coefficients are 
for good liibricalion; if the lubrication is deficient, the axle friction 
is 2 to G times as much as above. 

The tractive power required to overcome the al)(>ve axle friction 
for carriages of the usual proportions is about 3 to pounds per 
ton of the weight on the axle; and for truck wagons, which have 

n^krliiim niirl avlps. it IS flboilt. 3 k tO 4 k DOUUds DCr tOll. 
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TABLE Vm 

Wind Pressure for Various Vehicles 



Velocity op Wind 

Wind Pkkhhi'rk 

Description 

(mi per hour) 

(11) pt)r M<i ft ) 

Pleasant breeze 

Brisk gale 


15 

f20 

125 

1 107 

1 9m 

3 075 



[30 

4 42S 

High wind 


135 

6.027 



[40 

7.782 

Very high wind 

1 

[45 

9 963 

Storm 


50 

12 300 


Effect of Springs on Vehicles. Experiments have shown that 
springs mounted in vehicles materially decrease the resistance to 
traction and diminish the effects caused in the vertical ])lane by 
irregularities of the surface; but they do not diminish the horizontal 
component which is the one that causes the greatest wear of the 
road, especially at speeds beyond a walking pace. "J'he vehicles 
with springs were found not to cause more W(‘ar with the horses 
going at a trot than vehicles witliout springs wIkmi the liorses were 
w^alking, all other conditions being similar. \Vhiel(s with springs 
improperly fixed cause considerable concussion whieh, in turn, 
destroys the road co\’(‘ring. 

Resistance of Air. The resistance arising from iIm* Force of 
the wind W'ill vary with the velocity of lh(‘ wind, witli tin* \cl(»cii\ 
of the vehicle, W'ith the ar(‘a of tlu* surfii<-(‘ acted np«»n, and ah«» 
W'ith the angle of iiieidtaicc* of (lire<*tinn of lli(‘ wind witli tlic plane 
of the siirFaee. Table \ III gi\e-. the Ibrce j)cr >(jnai<‘ I’lM.t F(.r 
various velocities. 


LOCATION Ob' RO\I)S 

ddic coii.sidiTat ions go\(‘rning 11 m‘ ha-ation <»f lead, arc 
dependent upon tlu* coinincrcial condition of t he count r\ to he t ra \ - 
ers(‘d. In old and long-inhabited sccti<»n^, tht‘ controlling clcinciit 
will 1)(^ tiu' cliaracttT of tlK‘ t rallic to 1)(‘ accoiiiniod.iii d In -'ll* li 
a S(‘<'tion, tlio route is gciuTally jircdctcrinincd aiui, therefore, there 
is 1(‘^-^ lilxTly of choice and s(‘I(‘eiion than in a new' and >parM‘l\ 
settled district, where the ohj(*ct is to establish tlu* ca^ic-'t, sh(>rtc^t, 
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and most economical line of intercommunication according to 
the physical character of the ground. 

Whichever of these two cases may have to be dealt with, the 
same principle governs the engineer, namely, so to lay out the road 
as to effect the conveyance of the traiBSc with the least expenditure 
of motive power consistent with economy of construction and main- 
tenance. 

Economy of motive power is promoted by easy grades, by the 
avoidance of all unnecessary ascents and descents, and by a direct 
line; but directness must be sacrificed to secure easy grades and to 
avoid expensive construction. 

RECONNOISSANCE 

Object of Reconnoissance* The selection of the best route 
demands much care and consideration on the part of the engineer. 
To obtain the requisite data upon which to form his judgment, 
he must make a personal reconnoissance of the district. This 
requires that the proposed route be either ridden or walked over 
and a careful examination made of the principal physical contours 
and natural features of the district. The amount of care demanded 
and the difficulties attending the operations will altogether depend 
upon the character of the country. The immediate object of the 
reconnoissance is to select one or more trial lines, from which the 
final route may be ultimately determined. When there are no 
maps of the section traversed, or when those which can be procured 
are indefinite or inaccurate, the work of reconnoitering will be much 
increased. 

Points to Consider. In making a reconnoissance there are several 
])()iiits which, if carefully attended to, will very considerably lessen 
the lal)or and time otherwise required. Lines which would run along 
the immediate bank of a large stream must of necessity intersect 
all the tributaries confluent on that bank, thereby demanding a 
corresponding number of bridges. Those, again, which are situated 
along the slopes of hills are more liable in rainy weather to sufi'er 
from the washing away of the earthwork and the sliding of the 
embankments; the others which are placed in valle\ s or on elevated 
plateaux, when the line crosses the ridges dividing the principal 
wat(Tcmirs(‘s. will have steen ascents and descents. 
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In making an examination of a tract of country, the first point 
to attract notice is the unevenness or undulation of its surface, 
which appears to be entirely without system, order, or arrangement; 
but upon closer examination it will be perceived that one general 
principle of configuration obtains even in the most irregular countries. 
The country is intersected in various directions by main watercourses 
or rivers, which increase in size as they approach the point of their 
discharge. Towards these main rivers lesser rivers approach on 
both sides, running right and left through the country, and into 
these, again, enter still smaller streams and brooks. The streams 
thus divide the hills into branches or spurs having approximately 
the same direction as themselves, and the ground falls in every 
direction from the main chain of hills towards the watercourses, 
forming ridges more or less elevated. 

The main ridge is cut down at the heads of the streams into 
depressions called gaps or passes; the more elevated points are 
called peaks. The water which has fallen upon these peaks is the 
origin of the streams which have hollowed out the valleys. Further- 
more, the ground fulls in every direction towards the natural water- 
courses, forming ridges more or less elevated running between them 
and separating from each other the districts draiiu^d l)y th(‘ streams. 

The natural watercourses mark not only the lowest lin(‘s, l)ut 
the lines of the greatest longitudinal slope in the \ alleys through 
which they flow. The direction and position of the ])rincipal streams 
give also the direction and approximate })ositi(>ii of the high ground 
or ridges which lie between them. ^J'he jiosilions of the tribularits 
to the larger stream generally indicate the iioiiits of gn-ate^f dej)re.- 
sioii in the summits of tlie ridges and, therefo’'(‘, the jMiints at uhidi 
lateral communication across the high grouial st'parating eon- 
tigiioiis valleys can be most readily made. 

Instruments Used. The instrumisits eni])lou'(l in r(‘C(uin()iter- 
ing arc: the compass, which is used to ascertain din-ction; the 
aneroid barometer, to fix the approximate cl(‘\atioii of summits, 
etc*.; and the hand Icirl, to ascertain the ch*\ation of neighboring 
points. If a vehicle can be used, an odometer may be added, but 
distances can usually be guessed or ascertained by time C'^timates 
closely enough for preliminary purposes. The l)est maps obtainable 
and traveling companions who possess a local knowledere of tlai 
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country, together with the above outfit, are all that will be necessary 
for the first inspection. 

PRELIMINARY SURVEY 

The routes selected through the reconnoissance are examined 
in detail by a survey called a ^"preliminary survey” from the results 
of which the exact location can be determined. 

Features to Be Considered. In making the preliminary survey, 
the topographical features are noted to the right and left of the 
transit line for a convenient distance. The data required for drawing 
the topography are obtained by levels taken with a leveling instru- 
ment or with a transit provided with stadia wires, on lines per- 
pendicular to the transit line of the survey. The location of build- 
ings, fences, streams, roads, railroads, and other objects, is determined 
by measurements made with a tape on lines perpendicular to the 
survey line; or, when the distance to the object required is con- 
siderable, the location is found by angles measured from two stations 
on the transit line and the distance is measured by stadia. The 
following information is also noted: the importance, magnitude, 
and direction of the streams crossed; the character of the material 
to be excavated or available for embankments; the position of 
quarries; the mode of access thereto, and the kind of stone; the posi- 
tion of unloading points on railroads; and any other information 
that might affect a selection. 

Topography. Levels. Levels should be taken along the course 
of each line, usually at every 100 feet, or at closer intervals, 
dci)ending upon the nature of the country. In taking the levels, the 
hciglits of all existing roads, railroads, rivers, or canals should be 
noted. "'Bench marks” should be established at least every half 
mile, tliat is, marks made on any fixed object, such as a gate post, 
side of a house, or, in the absence of these, a cut made on a large 
tree. The height and exact description of each bench mark should 
be recorded in the level book. 

Cross Levels. Wherever considered necessary, levels at right 
angles to the center line should be taken. These will be found 
iistdul in showing what effect a deviation to the right or left of the 
surveyed line would have. Cross levels should be taken at the 





HIGHWAY CONSTRUCTION 


17 


any, these levels will have to be altered to suit the levels of the 
proposed road. 

Contours. The levels of the transit and cross lines are worked 
into a map that shows the irregularities of the ground with reference 
to its elevations and depressions. Various methods are employed 
for delineating these upon paper. For the purpose of the engineer 
the method of contours, Fig. 5, is the most serviceable, since by 
it the true shape of the hills and valleys can be shown. 

Contours are lines drawn through the points of equal altitude; 
that is, every point of the ground over which a contour line passes 
is at a certain height above a known fixed plane called the ^'datum”. 



Mean sea level is tlie datum plane universally employed; when 
this cannot be conveniently used, an arbitrary plane is adopted 
which is below the lowest point in the territory under survey. 

"J'lie dilVereiice of elevation between adjacent contour lines 
is called the ''contour interval”; this may be one, five, ten, or more, 
f(‘et. Whatever the difFerence adopted, it must be constant for 
all contours on the same map. Contours are designated by their 
height, expressed in feed, above the datum plane. The elevation 
of each contour is shown in figures at points close enough together 
to allow the e\ e to run from one to the other with ease. It is best 
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Fig. 7. Method of Showing Contours of Banks 
of Streams 


written alongside, the numbers should be placed on the higher 
side of the contour. 

The theory of contours is given in order that no error will be 

made by supposing the 
slope of the ground from a 
point in one contour to a 
point in the next, to be a 
straight line. The less the 
contour interval, the less 
error will be made. If in 
Fig. 6 the curved line AB 
represents the actual surface 
of the ground, and points 
J, 5, 5, the elevation of suc- 
cessive contours, tlie broken 
line lyS,6 will represent the 
assumed ground surface, and its departure from the line AB is the 
error introduced. If now the points 2, ^ ch‘termined, 

or the contour intervals be reduced one-half, tlie as.suiiH‘(l slope 

is f, 2, S, (h which 

differs less from the line 
AB than tlie line 7 , 3, 5, 
and lienee iiit rodiiet's less 
error. With points dt'ter- 
inin(‘d at mtv short inltT- 
MiUy tli(* error is pra<‘t ically 
eliminated. 

A l\nowU‘d^a‘ <»f the 
shajie of the ^n'ound is 
oiitained from tin* di ^t 4 inr( 
of the eont<mr^ from on< 
ailotlnT. d'lie streprr tin 
slope's, tin* clo'cr uill tin 
< ontours 1)0. I f in a Iiill 
the upper oontonr'', noar the 
summit, arc closer together than those near tin* bottom, tin* iiit(*r- 
vening ground is concave; if the lower eontonrs are elo‘i(‘r than the 

jrrrkiiTirt lu 



Fig S McIIkxI of Sliowiiig Cfinliiiir <jf Siiiiill 
Slii'uin or I>i.\ Hivfi Ikii 
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Every contour must close upon itself in a loop or else must 
extend unbroken from one point on the margin of the map to some 
other point on the margin. An exception is made in the case of 
large streams, the contour on each bank being carried up-stream 
until it cuts the water surface, when it is dropped, as shown in Fig. 7. 
In a small stream or dry bed, the contour crosses at the point where 
the elevation of the bed is that of the contour, as shown in Fig. 8. 





Fik n Tvpicjil Profile as Ohtuineil from Contour Map 


Profilr. A ])r()file is a longitudinal section of the route. The 
])rofile in any given direction is easily made from the contour map 
in the manner shown in Fig. 9. Assuming that a profile is required 
along the lino AB, the contours show that the ground rises from 
A to B, and also that a small isolated elevation occurs at C. The 
short distance between the c-ontours near B indicates that the 
rise is steep. To obtain the profile, draw parallel lines at a distance 
apart equal to the vertical interval between the contours on any 
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with the numbers on the contours. 
Prom each point on the line AB, 
where it intersects a contour, draw 
vertical lines to intersect the corre- 
sponding horizontal line. Connect 
the several points thus found, remem- 
bering the distinction between convex 
and concave surfaces. The profile 
thusobtained gives the relative heights 
of different points in the line AB, 
but it does not give the true gradient. 
The true gradient cannot be repre- 
sented accurately unless the vertical 
intervals are drawn on the same scale 
as the horizontal scale of the map. 
If this is done, the elevations will 
generally be so minute that the 
profile will not give a sufficiently 
striking representation of tlie surface 
features. It is, thert^fon^, iu‘c(‘ssary 
to exaggerate the vertical s(‘ale in a 
certain fixccl ])roi)ortion. Acoii\(‘ii- 
ient scale is 400 h‘ct liori/.oiital and 
40 fc(‘t vertical. A t\pical prrlinii- 
nary profits with all tii(‘ iiiforiiiatioii 
which it is siippo‘^c<l to gi\ c, i . shown 
in h'ig. 10. 

Map. d'he niaj>, l’’ig. 11, should 
show’ the lengths and dinwiioii ol* 
th(^ (lilhTinit portions of th(‘ line, 
the topography , ri\ ers, watcr-( onrN<‘', 
roads, railroads, and other matter^ 
of int(‘n‘st, such as town and county 
lines, di\ iding lines het ween [)ropcrty , 
iinitH‘n‘(l and culti\at(‘d lands, (‘tc. 
\iiy' con\cni(‘nt scale may' Ix'adoptcd; 
100 to an inch will lx* found the 
most Useful. 





22 


HIGHWAY CONSTEUCTION 


Memoir. The descriptive memoir should give with minute- 
ness all information, such as the nature of the soil, character of the 
several excavations whether earth or rock, and such particular 
features as cannot be clearly shown upon the map or profile. Special 
information should be given regarding the rivers crossed, as to their 
width, depth at highest known flood, velocity of current, character 
of banks and bottom, and their angle of skew with the line of road. 

Bridge Sites. The question of choosing the site of bridges is 
an important one. If the selection is not restricted to a particular 
point, the river should be examined for a considerable distance 
above and below what would be the most convenient point for 
crossing; and if a better site is found, the line of the road must be 
marlp subordinate to it. If several practicable crossings exist, they 
must be carefully compared in order to select the one most 
advantageous. The following are controlling conditions: (1) Good 
character of river bed, affording a firm foundation. If rock is 
present near the surface of the river bed, the foundation will be 
easy of execution, and stability and economy will be insured. (2) 
Stability of river banks, thus securing a permanent concentration 
of the waters in the same bed. (3) Axis of bridge at riglit angles 
to direction of current. (4) Bends in rivers, not Ix'ing snital)le 
localities, to be avoided if possible. A straight reach aboNO the 
bridge should be secured if possible. 

FINAL SELECTION OF ROUTE 

Elements Entering into Choice. In making the final selection, 
the following principles should be observed as far as practicable: 

(1) To follow that route which all'ords the ea^iot grades. 
The easiest grade for a given road will deiH'iid (»n the kind of cn \ cring 
adopted for its surface. 

(2) To connect the places by the shortest and most direct 
route commensurate with easy grades. 

(3) To avoid all unnecessary ascents and descents. When a 
road is encumbered with u.sele.ss ascents, the wasteful cxjicnditiire 
of power is considerable. 

(4) To give the center line such a position, vith refenmee to 
the natural surface of the ground, that the cost of construction 
shall be reduced to the smallest possible amount. 
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(5) To cross all obstacles, where structures are necessary, as 
nearly as possible at right angles. The cost of skew structures 
increases nearly as the square of the secant of the ‘obliquity. 

(6) To cross ridges through the lowest pass which occurs. 

(7) To cross either under or over railroads; for grade crossings 
mean danger to every user of the highway. 


Treatment of Typical Cases 

Connecting Two Towns in Same or Adjacent Valleys. In 
laying out the line of a road, there are three cases which may have 
to be treated, and each of these is exemplified in the contour map, 
Fig. 5. First, the two places to be connected, as the towns A and B 
on the plan, may both be situated in the same valley, and upon the 
same side of it; that is, they are not separated from each other by 
the main stream which drains the valley. This is the simplest 
case. Second, although both in the same valley, the two places 
may be on opposite sides of the valley, as at A and C, being sep- 
arated by the main river. Third, the two places may be situated 
in different valleys, separated by an intervening ridge of ground 
more or less elevated, as at A and D. In laying out an extensive 
line of road, it frecpiently happens that all these cases have to be 
dealt witli. Tlic most perfect road is that of wliich the course 
is perfectly straiglit and tlie surface practic'ally level; and, all other 
things being the snme, the best road is that which answers nearest 
to this d(‘scrij)tion. 

fV/.sv' J , Now, in the first cas(‘, that of the two towns situated 
on th(‘ same side' of the mniu valhw, there are two methods which 
may be ])ur^nc(l in forming a. commuiLication l)et\\ecn them. A 
road following the dirt‘ct line b(‘tw('i'n tluan, sliow'u by tiic tliiek 
dottt‘(l liiu‘ All, may b(‘ irnah*, or a line may be ado[)ted which 
will gradually and ecjually incline from one town to another, siij)- 
j>osing tla'in to l)(‘ at dill’(Teiit le\ els; or, if thc'y are on the same level, 
the line should k(‘(‘i) at that lc\ el throughout its entire course, 
follow ing all the sinuosities and curves w hich the irr(‘gular formation 
of the country may n'lalcr neecvssury for the iulfillmeut of these 
conditions. According to the first method, a lexad or uniformly 
inclined road might be made ironi one to the other; this line 
would cross all the valleys and streams wliieh run down to the 
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main river, thus necessitating deep cuttings, heavy embankments, 
and numerous bridges; or these expensive works might be avoided 
by following the sinuosities of the valley. When the sides of the 
main valley are pierced by numerous ravines with projecting spurs 
and ridges intervening, instead of following the sinuosities, it will 
be found better to make a nearly straight line cutting through 
the projecting points in such a way that the material excavated 
should be just sufficient to fill the hollows. 

Of all these, the best is the straight uniformly inclined or level 
road, although at the same time it is the most expensive. If the 
importance of the traffic passing between the places is not sufficient 
to warrant so great an outlay, it will become a matter of consider- 
ation whether the course of the road should be kept straight, its 
surface being made to undulate with the natural face of the country'; 
or whether, a level or equally inclined line being adopted, the course 
of the road should be made to deviate from the direct line and follow 
the winding course which such a condition is supposed to necessitate. 

Case 2, In the second case, that of two places situated on 
opposite sides of the same valley, there is, in like manner, the choice 
of a perfectly straight line to connect them, which would probably 
require a big embankment if the road were kept le\'cl; or stt^ep 
inclines if it followed the surface of the country; or by winding 
the road, it might be carried across the valley at a higluT point, 
where, if the level road be taken, the embankment would not be 
so high, or, if kept on the surface, the inclination would be rc(luc(‘(l. 

Case 3 . In the third case, there is, in like maniuT, the alt(T- 
native of carrying the roadacross the intervening ridge in a ]HTrectly 
straight line, or of deviating it to the right and left, and crossing 
the ridge at a point where the elevation is less. Th(‘ ])roj)(T (l(‘t(T- 
mination of the question which of these courses is the Ixvst iind(T 
certain circumstances involves a consideration of the (‘oini)arativ(‘ 
advantages and disadvantages of inclines and cur\(‘s. Wliat 
additional increase in the length of the road would Ixj c(iui\al(Mit 
to a given inclined plane upon it; or convers(‘ly, vliat inclination 
might be given to a road as an ccpiivalent to a gi\(‘n <l(‘cr(‘a.s(‘ in 
its length? To satisfy this question, the coinparatix e force rtxpiinxl 
to draw different vehicles with given loads must be known, both 
upon level and variously inclined roads. 
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The route which will give the most general satisfaction consists 
in following the valleys as much as possible and rising afterward 
by gentle grades. This course traverses the cultivated lands, 
regions studded with farmhouses and factories. The value of such 
a line is much more considerable than that of a route by the ridges. 
The watercourses which flow down to the main valley are, it is 
true, crossed where they are the largest and require works of large 
dimensions, but also they are fewer in number. 

Treatment of Intermediate Towns. Suppose that it is desired 
to construct a road between two distant towns, A and B, Fig. 12, 
and let us for the present neglect altogether the consideration of 
the physical features of the intervening country, assuming that it 
is equally favorable whichever line we select. Now at first sight 
it would appear that, under such circumstances, a perfectly straight 
line drawn from one town to 
the other would be the best 
that could be chosen. On 
more careful examination, 
however, of the locality, we 
may find that there is a 
third toTO C, situated some- 
what on one side of the 
straight line which we have 
drawn from A to B; and although our primary ()l)jc(*t is to connect 
only the two latter, it would nevertheless be of eoiisiderable service 
if all three towns were put into mutual eoim(‘cti()ii with each other. 

This may be effected in three different ways, any one of which 
might, under the circumstances, be the best. In the first place, 
we might, as originally suggested, form a straight road from A 
to B, and in a similar maimer two other straight roads from . I to (\ 
and from B to T, and this would be the most iK'rfect way of cllecting 
the ol)j(‘ct in ^ iew, the distance betwiam any of the two towms Ix'ing 
reduced to the least distance possible. It would, howexer, be 
attended W'itli considerable cximmisc, and it would Ixi n(‘e(‘ssary to 
construct a much greater length of road than according to the second 
l)lan, which W'ould be to form, as before, a straight road from A 
to B, and from C to construct a road w'hich should join the former 


Fig 12. Diagnini Sliowing Mfthorl of Dolor- 
mining Liiu' ol Rojul Sik cchsivi* 

Tow ns 
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Aor B and C would proceed to the point D and then turn off to T. 
With this arrangement, while the length of the roads would be 
very materially decreased, only a slight increase wx)uld be occasioned 
in the distance between C and the other two towns. The third 
method would be to form only the two roads AC and CD, in which 
case the distance between A and B would be somewhat increased, 
while that between A and C ov B and C w^ould be diminished, and 
the total length of road to be constructed also would be lessened. 

As a general rule it may be taken that the last of these methods 
is the best and most convenient for the public; that is to say, that 
if the physical character of the country does not determine the 
course of the road, it generally will be found best not to adopt a 
perfectly straight line, but to vary the line so as to pass through all 
the principal towns near its general course. 

Treatment of Mountain Roads. Tlie l(>(*ation of roads in 
mountainous countries presents greater difficulties tliaii in an ordi- 
nary undulating country; the same latitude in adopting undulating 
grades and choice of position is not peniii.s.siblc, for the niaxiinurn 
must be kept before tlie eye p(‘rj)etually. A nioniitain road has 
to be constructed on the niaxiinuin grade* or at gnulc>* approx- 

imating it, and but one fi\(‘d point <’an Ik* obtained lu t‘un* eoiii- 
meneing the survey, and that is tin* loue-st in the in«»unt.jin 

range; from this ])oiiit tin* sur\ e\ inii-st Ik* <-<unnieiiM d. 'I'ln* rejiMui 
for this is tliat the lower s]op<*s (»f the nnmnt.iin are ll.it ti r tli.ni 
tliosc at their .siiniinit; they (-{^er a Iar^^«T are.i; and tb. ; iner-e 
into tlie vall('y in di\erM* imduIati(Mi-. < '<»ii -mjik nl l \ . a m.id ;it ili<- 
foot of a mountain ui:i\ be carried at wdl in the d« ind dmiiimi 
by more than oia* route, while at the t»»p (»t a ni> ni nt ,i i n r.iii. r ,in\ 
deviation from tin* lowest j»a--^ in\ol\e> im n .i «d hmili (.f Imr 
The eiigiii(‘(T Inning <'<.mniai.d of the giuiin.l. (o-ln-/ f<» the 
r(‘d act'd area lit* has t(> deal with and the L'r< a i « r a 1 irn } •! i k , < n’ t i k ■ 
sloju's, is lialile to be frintrate<i in bi^ at ti mpi t e t In li nr . .n i n d 
ill tilt* desirt'd direction. 

It is a eoiiiiiioii ])raetiee to run a ni« *1110 a in n!\« up lull, but 
this sliould be avoidt'd. A\bein'\er an aente-an;:l« d /ic/.ig met 
with on a mountain road near the sununit, tin* infi r<‘n<'e to be drawn 
is that tlic line, being ctirried up hill, on reaching the Minnnit wa- 
too low and f]i o ' 7 irp' 7 nfp ii'ni.* ..... 4 


I j \ 


1 . 
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The only remedy in such a case is a resurvey beginning at the summit 
and running down hill. This method requires a reversal of that 
usually adopted. The grade line is first staked out and its horizontal 
location surveyed afterwards. The most appropriate instrument for 
this work is a transit with a vertical circle on which the telescope 
may be set to the angle of the maximum grade. 

Loss of Height “Loss of height” is to be carefully avoided 
in a mountain road. By loss of height is meant an intermediate 
rise in a descending grade. If a descending grade is interrupted by 
the introduction of an unnecessary ascent, the length of the road 
will be increased, over that due to the continuous grade, by the 
length of the portion of the road intervening between the summit 
of the rise and the point in the road on a level with that rise — a 
length which is double that due on the gradient to the height of 
the rise. For example, if a road descending a mountain rises, at 
some intermediate point, to cross over a ridge or spur, and the height 
ascended amounts to 110 feet before the descent is continued, such 
a road would be just one mile longer than if the descent had been 
uninterrupted; for 110 feet is the rise due to a half-mile length at 
a slope of 1 : 24. 

Water on Mountain Roads. Water is needed by the workmen 
and during the construction of the road. It is also very necessary 
for the traffic, especially during hot weather; and if the road exceeds 
f) miles in length, provision should be made to have the water either 
close to or within easy reach of the road. With a little ingenuity 
the water from springs above the road, if such exist, can be led 
down to drinking fountains for men, and to troughs for animals. 

In a tro])ical country it would be a matter for serious con- 
sideration if the best line for a mountain road 10 miles in length 
or ui)wards, but without water, should not be abandoiu'd in favor 
of a w^orse line with a water siijiply available. 

Ualt'nig RJaces. On long lines of mountain roads, halting 
places should be provided at freciuent intervals. 

Alignment of Roads. No rule can be laid down for the align- 
ment of a road -it will de])eii(l u])on both the character of its traflic 
and the “lay of the land”. To promote economy of transportation, 
it should be straight; but, if straightness is obtained at the expeiiNe 
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increase in length, it will prove very expensive to the community 
that uses it. 

The curving road around a hill often may be no longer than 
the straight one over it, for the latter is straight only with reference 
to the horizontal plane, while it is curved as to the vertical plane; 
the former is curved as to the horizontal plane, but straight as to 
the vertical plane. Both lines curve, and we call the one passing 
over the hill straight only because its vertical curvature is less 
apparent to our eyes. Excessive crookedness of alignment is to 
be avoided, for any unnecessary length causes a constant threefold 
waste: first, of the interest of the capital expended in making that 
unnecessary portion; second, of the ever recurring expense of repair- 
ing it; and third, of the time and labor employed in traveling over it. 



Location and Construction of Carres. ('urv(‘S, on a road u^t'd 
exclusively by horse-drawn tralfic, sliould lia\(' a (mmiIct radius of 
not less than 50 feet. On roads us<*(l by both liorM‘-dra w n and 
m()tor-\ehi(*letralIie, 1 lie great (‘st jxissible radius should Ik* einplo;. ed 
and not less than 150 feet at the inn(‘r margin. ('nr\es slioiild 
not be placed at the foot of a st(‘(‘p ascent; and, wlnai lh(‘y occur 
on ail ascent, the grade at that point sliould bt* d(‘cr(‘aM‘d in order 
to coinpensate for the additional resistance* of the* cur\e. 

Curves may lie either circular or ])arabolic in form. The 
latter w'ill be found (‘\e(‘{‘dingly us(‘ful for joining tangents of niicejiial 
length and for follow'ing contours; wIk'II the; cniwatnre* is l<‘a>t 

Zj. T* ji 1 *,* I* . •!. I* 
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are less strongly marked than by a circular arc.. The connection 
between a circular curve and its tangents should be made by a 
parabolic arc. c 

The width of the wheelway on curves should be greater than 
on tangents; the position in which the additional width will be of 
the greatest service to the traffic is at the entry arcs, as shown at 
A and A, Fig, 13, and not at the center B of the curve, which is 
the point commonly widened. The minimum radius of the outer 
curve to provide the increased width may be determined by the 
formula 

+ 1 ^ 

in which Jt is radius of inner curve; JV is width of road on tangents; 
tv is width of vehicles; and I is maximum length of vehicles, including 
teams. If the traffic requires it, a further widening may be obtained 
by flattening the inner curve as indicated by abc. The radius of 
the reversing curves should be not less than 15 feet. 

The outer half of the wheelway on curves used by fast motor- 
vehicle traffic should be raised, as shown in Fig. 14, the amount 



I’l}'. 14 DuiRraiii Showing Adjuatiucnt of Prohle on Curves for Uupidl}'^ 
Moving Motor Vehicles 


of elevation being 4 inches for a curve of 130-foot radius and 
decreasing to 2 inches for a curve of 3()()-foot radius. 

Tlie approach to curves should aflord an unobstructed \iew 
for at least 300 feet, and olistruetions which prevent tlie entire 
length of the curve from being seen liy approaching vehicles should 
be r(‘mo\x‘(l. 

Zi(jz(ujH, The method of surmoiniting a height by a series of 
zigzags or by a series of reaches with practicable curves at the 
turns, is objectionable for the foll<»\\ing reasons: 

(1) An acute-angled zigzag obliges the traflic to rev(‘rse its 
direction wiihout affording it convmiient room for the jiurjiose. 
The consecpience is that vith slow traffic a single train of \ chicles 
is lirought to a stand, while if two trains of vehicles, traveling in 
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(2) With zigzags little 
progress is made toward the 
ultimate destination of the 
road; height is surmounted, 
but horizontal distance is in- 
creased without compensation. 

(3) Zigzags are dangerous. 
Incase of a runaway down hill, 
the zigzag must prove fatal. 

(4) If the drainage can- 
not be carried clear of the 
road at the end of each reach, 
it must be carried under the 
road in one reach, only to 
appear again at the next, w'heii 
a second bridge, culvert, or 
drain will be required, and so 
on at the other rea(*li(‘s. I f the 
drainage can be carried clear 
at the termination of (‘jieli 
reaeli, the lengths l>et\\(‘(‘n th(‘ 
curves will be very sliort, en- 
tailing numerous zigzag eur\ es, 
which are (‘\j)ensi\(‘ to con- 
struct and maintain. 

Details after Choosing Route 

Final Location. With tli(‘ 
rout(‘ finall\ <l(‘(erinin(‘d nj)on, 
it mii.^t 1)(‘ locat('d. Tlii^, 
consists in tracing tli(‘ hue, 
placing a stak(' at <‘\<‘ry lOO 
feet on IIk‘ straight portion-^ 
and at e\ery oO or - 7 ) foot on 
the curves. At the tangent 
point of eur\(‘'^, and at point', 
of compound and r<‘\erM‘ 

rMirvos Ji l:i Jind Tnoro tw'p- 
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manent stake should be placed. Lest those stakes should be dis- 
turbed in the process of construction, their exact distance from several 
points outside of the ground to be occupied by the road should be 
carefully measured and recorded in the notebook, so that they may 
be replaced. The stakes above referred to show the position of 
the center line of the road, and form the base line from which all 
operations of construction are carried on. Levels are taken at each 
stake, and cross levels are taken at every change of longitudinal slope. 

Construction Profile. The construction or working profile is 
made from the levels obtained on location. It should be drawn 
to a horizontal scale of 400 feet to the inch and a vertical scale 
of 20 feet to the inch. Pig. 15 represents a portion of such a profile. 
The figures in column A represent the elevation of the ground at 
every 100 feet, or where a stake has been driven, above datum. 
The figures in column B are the elevations of the grade above datum. 
The figures in column C indicate the depth of cut or height of fill; 
they are obtained by taking the difference between the level of 
the road and the level of the surface of the ground. The straight 
line at the top represents the grade of the road; the upper surface 
of the road when finished would be somewhat Iiigher than this, while 
the given line represents what is termed the sub-grade or formation 
level. All the dimensions refer to the formation level, to which the 
surface of the ground is to be formed to receive the road covering. 

At all changes in tlie rate of inclination of the grade line a 
heavier verti(‘al line should be drawn. 

Gradient. The grade of a line is in its longitudinal slope, and 
is designated by tlie proportion between its length and the difference 
of height of its two extremes. The ratio of these two qualities 
gives it its name; if the road ascends or falls one foot in ev(‘ry twenty 
feet of its length, it is said to have a grade of 1 : 20, or a 5 ])er cent 
grade. (Jrades are of two kinds: inaKiinuin and miniinnm. The 
maximum grade is the steepest which is to be ])(‘rmitted and which 
on no account is to be exceeded; tlu^ minimum grade is the l(‘ast 
allowable for good drainage*, d^abh* IX gi\'(‘S dilferi'nl methods 
of designating grades. 

Determination of (Iradients. The maximum grade* is fixed by 
twe) considerations: the e)ne relating te> the j)owe‘r e\p(*n(le‘d in 



32 


HIGHWAY CONSTRUCTION 


TABLE IX 

Methods of Designating Grades 


Amebican Method 
( ft. per 100 ft ) 

English Method 

Feet per Mile 

Angle with H( 

i 

1 

400 

13.2 

0° 

8' 3( 

i 

1 

200 

26.4 

0 

17 n 

f 

1 

150 

39.6 

0 

22 51 

1 

1 

100 

62.8 

0 

34 25 

li 

1 

80 

66 

0 

42 55 

li 

1 

66| 

79 2 

0 

51 25 

a 

1 

57i 

92.4 

1 

0 51 

2 

1 

50 

106.6 

1 

8 € 

2i 

1 

44i 

118.8 

1 

17 3S 

2§ 

1 

40 

132 

1 

25 57 

2J 

1 

36i 

145.2 

1 

34 22 

3 

1 

33i 

158.4 

1 

43 08 

3i 

1 

30i 

171.6 

1 

51 42 

3i 

1 

28i 

184 8 

2 

0 16 

3i 

1 

26f 

198 

2 

8 51 

4 

1 

25 

211.2 

1 

17 26 

4i 

1 1 

23J 

224.4 

2 

26 10 


' 1 

22i 

237 6 

2 

34 36 


1 

21 

250.8 

2 

43 35 

5 

1 

20 

1 264 

2 

51 44 

6 

1 

12f 

316 8 

3 

26 12 

7 

1 

m 

369.6 

1 

0 15 

8 

1 

12J 

422 4 

1 

31 26 

9 

1 

lU 

475 2 

5 

S 31 

10 

1 

10 

528 

5 

42 37 


incline. There is a certain inclination, (lepciidiiig ui)(>n tlic < 
of perfection given to the surface of the road, which caiiii 
exceeded without a direct loss of tractive power. This iiiclii 
is that, on which, in descending at a uniform sp(‘(‘d, the 1 
slacken, or which causes the vehicles to pn'ss on the Iiopm'^ 
limiting inclination within wdiich this effect does not take [)h 
the angle of repose. 

Angle of Repose. The angle of rej)ose foran\ gi\cn road si 
can be ascertained easily from the tractixe force rc(iiiircd ni 
level with the same character of surface. Thus if tlH‘ forc<‘ ncc( 
on a level to overcome the resistance of the load is of its \\i 
then the same fraction expresses the angle of r(‘])ose for tliat sn 

On all inclines less st(‘(‘p than the angle of r(‘j)os(‘, a c< 
amount of tractive force is necessary in the dc'sccmt as wi ll 
the ascent, and the mean of the two drawing forc(‘s, asccsidiiij 
descending, is equal to the force along the lcv(‘l of the road. ' 
on such inclines, as Tmir*h Tnrr*hnni/*Ml i*c (r-nn/wl .L 
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as is lost in the ascent. From tfts it might be inferred that when a 
vehicle passes alternately each way along the road, no real loss is 
occasioned by the inclination of the road; which, however, is not 
the fact with animal power, for while the up and down slopes in 
the ascending journey will demand, respectively, a greater and a 
less number of horses than that required on a level road, no actual 
compensation for this fluctuation can be made in the descending 
journey. On inclines which are more steep than the angle of repose, 
the load presses on the horses during their djcscent, so as to impede 
their action, and their power is expended in checking the descent 
of the load; or if this effect be prevented by the use of any form of 
drag or brake, then the power expended on such a drag or brake 
corresponds to an equal quantity of mechanical power expended 
in the ascent, for which no equivalent is obtained in the descent. 

Grade Problems. Maximum Grade. The maximum grade for 
a given road will depend: (1) upon the class of traffic that will 
use it, whether fast and light, slow and heavy, or mixed, consisting 
of both light and heavy; (2) upon the character of the pavement 
adopted; and (3) upon the question of cost of construction. Econ- 
omy of motive power and low cost of construction are antagonistic 
to each other, and the engineer will have to weigh the two in the 
balance. 

For fast and light traffic the grades should not exceed 2 per 
cent; for mixed traffic 3 per cent may be adopted; while for slow 
traffic combined with economy 5 per cent should not be exceeded. 
This grade is practicable but not convenient. 

Miniiinufi Grade. From the previous considerations it would 
ai)i)ear that an al>solut(‘ly level road was the one to be sought for, 
but tliis is not so; tliere is a minimum, or a least allowable grad(', 
ol' which tlie road inust not fall short, as w(‘ll as a maximum oim‘ 
which it must not exceed. If the road wtTc ])('rieetly h‘\(‘l in its 
longitudinal dir(*ction, its surrace could not be k(‘i)t fnr from w'ater 
w'itbout gix’ing it so great a rise in its middlt‘ as w^ould expos(‘ \'(‘hi- 
cles to the dangcT of ovcTtiirning. Tlu‘ minimnm grad(‘ commonly 
used is 1 JXT cent. 

J^ndulaliiKj Grade.s, J'rom the fact that th(‘ ])o\\ct rHspiircd 
to ino\c a load at a gi\(‘n \clocity on a l(“\(‘l road is d(‘cr(‘as(M| o:i 

o on.iili. -J lii. if io i v/wl im •io/wmwIiiio 
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the same grade, it must not b^nferred that the animal force 
expended in passing alternately each way over a rising and falling 
road will gain as much in descending the several inclines as it will 
lose in ascending them. Such is not the case. The animal force 
must be sufficient, either in power or number, to draw the load over 
the level portions and up the steepest inclines of the road, and in 
practice no reduction in the number of horses can be made to corre- 
spond with the decreased power required in descending the inclines. 

The popular theory that a gently undulating road is less fatiguing 
to horses than one which is perfectly level is erroneous. The asser- 
tion that the alternations of ascent, descent, and levels, call into 
play different muscles, allowing some to rest while others are exerted, 
and thus relieving each in turn, is demonstrably false, and con- 
tradicted by the anatomical structure of the horse. Since this 
doctrine is a mere popular error, it should be rejected utterly, not 
only because it is false in itself, but still more because it encourages 
the building of undulating roads, and this increases the labor and 
cost of transportation upon them. 

Lewi Stretches, On long ascents it is generally rccoinincndcd 
that level or nearly level stretches be introduced at frequent intervals 
in order to rest the animals. Idiese are objcetionahle wluui tlH‘\ 
cause loss of height, and animals will be more rested l>y baiting 
and unharnessing for half an hour than l)y traveling o\(‘r a le\’(‘l 
portion. The only case which justifies tlie introduction of lc\(‘ls 
into an ascending road is where such levels will advance^ tlu‘ road 
towards its objective point; w'here this is the case tliiTc will l)(‘ no 
loss of either length or height, and it will simply Ik‘ (‘\changing a 
level road below for a level road above. 

Establishing the Oracle, Wlitui the ])rolih‘ of a |)roj)o^(‘d route 
has been made, a grade line is draw'ii upon it (usuall\ in fmmIi m 
such a manner as to follow its general sl()p(‘, but to a\crag(‘ il-. 
irregular elevations and dcj)r(‘hsions. If the ratio Ix'twtum tin* whole 
distance and the height ol tljc liiK* is less tlian tin* nia\imiini gradr 
intended to be used, this line will bt‘ satisfactoiw ; but if it lx* found 
steeper, tlie cut or the length ol tlu* line will ha\'(‘ to be iiKTi'a^^cd 
The latter is generally prclerahh*. 

The apex or meeting ])()int of all enrxe-. ^ll()nId lx* rounded <►11' 
by a vertical curve, as show'ii in Ki. thus sludnlv clrmiriiHr 
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the grade at and near the point of intersection. A vertical curve 
rarely need extend more than 200 feet each way from that point. 

Let AB and RC be two grades in profile intersecting at station 
B, and let A and C be the adjacent stations. It is required to join 
the grades by a vertical curve extending from A to C. Imagine a 
chord drawn from A to C. The elevation of the middle point of 
the chord will be a mean of the elevations of the grade at A and C, 
and one-half of the difference between this and the elevation of 
the grade at B will be the middle ordinate of the curve. Hence 
we have 

in which M equals the correction in elevation for the point B. The 
correction for any other point is proportional to the square of its 





distance from A to (\ Thus, assuming the distance l)ct\vcen 
successive ordinates, Idg, lO, as 50 f(‘et, the correction .1+25 is 
u,M; at J+5() it is ] M; at .1+75 it is and the same for 

corn'sponding ])oints on th(» other sid(' of B. The corrections 
in tliis case sliown are subtractive, since M is n(‘gati\(‘. d1iey 
ar(‘ additional wlu*n M is ])ositi\(‘, and tlu^ curv(‘ concav(‘ upward. 

PRELIMINARY ROAD CONSTRUCTION METHODS 
WIDTH AND TRANSVrRSr: CONTOUR 

Width of Road. A road should Ix' wide (uiough to acconunodat(‘ 
the traflic for wliicli it is int(‘nded, and should coniprisc‘ a wh(‘elwa\ 
for \ (‘hides and a. s|)ac(' on ('ach side' for p(‘destrians. 

The wh(‘(‘lway of country highways necxl be no wider than is 
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places a track wide enough for a single team is all that is necessary. 
But the breadth of the land appropriated for highway purposes 
should be sufficient to provide for all future increase of traffic. 
The wheelways of roads in rural sections should be double; that is, 
one portion paved (preferably the center), and the other left with 
the natural soil. The latter, if kept in repair, will be preferred by 
teamsters for at least one-half the year. 

The minimum width of the paved portion, if intended to carry 
two lines of travel, is fixed by the width required to allow two 
vehicles to pass each other safely. This width is 1 6 feet. If intended 
for a single line of travel, 8 feet is sufficient, but suitable turnouts 
must be provided at frequent intervals. The most economical 
width for any roadway is some multiple of eight. Wide roads 
are the best; they expose a larger surface to the drying action of 
the sun and wind, and require less supervision than narrow ones. 
Their first cost is greater than that of narrow ones, and nearly 
in the ratio of the increased width. 

The cost of maintaining a mile of road depends more upon 
the extent of the traffic than upon the extent of its surface, and 
unless extremes be taken, the same quantity of material will 1)(‘ 
necessary for the repair of roads, either wide or narrow, wlii(‘h ar(‘ 
subjected to the same amount of traffic, ^i'he cost of si)rc*adiiig 
materials over the wide road will be somewhat greater, l)ut th(‘ 
cost of the materials will be the same. On narrow' roa(U the traflie 
being confined to one track, will w'ear more se\erely than it' spn'ad 
over a wider surface. 

The width of land appropriated for road purpost‘s \ari(‘s in 
the United States from A\)\ feet to <>() feet; in Kiiglaiid and hVaiici* 
from 20 to 60 feet. And the w'idth or s])ace inacadainiz(‘d is aKo 
subject to variation; in the rnit(‘d States th(‘ a\(‘rag(‘ width is 
10 feet; in France it vari(‘s betw’eiai Ki and 22 lee*! ; in Helium 
feet seems to be the regular w'idth, wiiih* in .\nstria, from 1 \ \ 
to 20| feet. 

Transverse Contour. ddi(‘ centcTs of roadways in nio'.t ca'^e^ 
should be higher than the sid(‘s, th(‘ ohjes-t IxMiig to facilitate tin* 
flow of the rain water to the gutters. WIktc a good Mirfa<‘(‘ i. 
maintained a very moderate amount of rist‘ is snflicient for thi'. 

mirnncip blit flip rl^^p l-kOMr M /-/irf.iin nr/ W vr*-# I. +lw. ’ll m + n 
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TABLE X 

Proportionate Rise of Center to Width of Carriageway for 
Different Road Materials 



Proportions op Rise at 

Kind op Suhpace 

Center to Width op 


Carriageway 

Earth 

1:40 

Gravel 

1:50 

Broken stone 

1:60 


of the carriageway. Earth roads require the most and asphalt 
the least. The most suitable proportions for the different paving 
materials is shown in Table X. 

Form of Contour. All authorities agree that the form should 
be convex, but they differ in the amount and form of the convexity. 
Circular arcs, two straight lines joined by a circular arc, and ellipses, 
all have their advocates. For country roads a curve of suitable 



Fig. 17. Typical Section of Road, Showing Contour 


convexity may be obtained as follows: At I of the width from 
center to side, make the rise | of the total rise, and at | of the width 
make the rise f of the total. Fig. 17. 

Excessive height and convexity of cross section contract the 
width of the wlieelw^ay by concentrating the traffic at the center, 
that being the only part w'liere a vehicle can run upright. The force 
required to haul vehicles over such cross sections is increased because 
an undue proportion of the load is throwm upon two wheels instead 
of being distriliuted equally over the four. The continual tread 
of horses’ feet in one track soon forms a depression w^hicli holds 
water, and the surface is not so dry as wRh a flat section w^hich 
allows the traffic to distribute itself over the w'hole wfilth. Sides 
formed of straight lines are also objectionable. ''J'hey w'(‘ar hollow^ 
retain w’ater, and, by raising the center, defeat the object sought. 
The required convexity should be obtained by rounding the forma- 
tion surface, and not by diminishing the thi(‘kness of the covering 
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Although on hillside and mountain roads it is generally recom- 
mended that the surface should consist of a single slope inclining 
inwards, there is no reason for or advantage gained by this method. 
The' form best adapted to these roads is the same as for a road under 
ordinary conditions. 

With a roadway raised in the center and the rain water draining 
off to gutters on each side, the drainage will be more effectual and 
speedy than if the drainage of the outer half of the road has to pass 
over the inner half. The inner half of such a road is usually sub- 
jected to more traffic than the outer half. If formed of a straight 
incline, this side will be w^orn hollow and retain water. ‘ The inclined 
flat section never can be properly repaired to withstand the traffic. 
Consequently it never can be kept in good order, no matter how 
constantly it may be mended. It is always below par and wffien 
heavy rain falls it is seriously damaged. 

DRAINAGE 

Types of Drainage. In the construction of roads, drainage is of 
the first importance. The ability of earth to sustain a load de])en(ls 
in a large measure upon the amount of moisture retained by it. 
Most earths form a good firm foundation so long as they are k(‘pt 
dry, but when wet they lose their sustaining power, becoming soft 
and incoherent. 

The drainage of roadways is of two kinds, viz, subsurfacv and 
surface. The first provides for the removal of the und(‘rgrouiid 
water found in the body of tlie road; the s(‘eond ])rovidfs for tlu‘ 
speedy removal of all water falling on the surface of lli(‘ road. 
Experience has sliowii that a thorough removal of tin* undm'grouiid 
water is of the utmost iniiiortance and is (‘s.sential to lh(‘ lir(‘ of the 
road. A road covering plae(‘d on a wet imdraiiH'd hottoiii will ho 
destroyed by both winter and frost, and will alwji\s l>(‘ t rouhlesonu' 
and expensive to maintain; perfect sul>soil drainage* is a iKs'cssit \ 
and will be found economical in the (Mid (‘V(mi if in sc(Miriiig it 
considerable expense is re(pnr(‘d. 

Subsoil Drainage 

The methods cmployeil ior s(‘enring the subsoil drainage* must 
be varied according to the character of natural soil, cacli kind of 
soil requiring different treatment. 
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Nature of Soils. The natural soil may be divided into the 
following classes: siliceous, argillaceous, and calcareous; rock, 
swamps, and morasses. The siliceous and calcareous soils, the 
sandy loams and rock, present no great difficulty in securing a 
dry and solid foundation. Ordinarily they are not retentive of 
water and therefore require no underdrains; ditches on each side 
of the road will generally be found sufficient. The argillaceous 
soils and softer marls require more care; they retain water and are 
difficult to compact, except at the surface; and they are very unstable 
under the action of water and frost. 

Location of Drains. The removal of water from the subsoil 
is effected by drains so placed as to intercept the underground 
circulation of the water. Regarding the best location for the drains 
to accomplish this, three cases in general will present themselves: 

Marginal Brains. Where the subsoil is continually wet and 
without a well-defined flow of water from either side. Under 



Fig is Typical Road Section Showing Marginal Drams 


this condition marginal drains, as shown in Fig. bS, will be found 
satisfactory' . 

Side Drains. Where there is a regular flow from one side to 
the other, as on a hillside road, a single drain placed on the side 



from which the water comes, as in Fig. F), will he sudicient usually. 

(^cntrr and Cross Drains. Where the subsoil is so rclentiv'c 
of water as to require a system of drains under the roadbed, these 
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drains may be constructed in a variety of ways. The simplest 
method is to place a drain under the center of the roadway, as in 
Pig. 20, connecting it at intervals by cross drains with drains placed 
at the sides which discharge into the natural watercourses. Where 



the ground is level or has but a slight inclination, the cross drains 
may be placed at right angles to the axis of the road. Where there 
is a steep grade it is better to lay the cross drains in the form of 
an inverted V with the poinf in the center of the roadway and 
directed uphill. 

The distance apart of the cross drains depends upon the ease 
with which the subsoil yields its water. In porous soils the drains 
will prove efficient at distances of from 30 to 40 feet; in retentive 
clay the spacing may range from 10 to 20 feet. 

Proper Fall for Drains. The fall to be given the drains 
depends upon the size of the drain and the amount of watiT to l)e 
carried off. It is not advisable to employ a fall greater than I foot 
in 100 feet. Too great a fall will produce a swift current that is 



liable to undermine the drain as well as to choke il hy foreign 
matter, which a less ra[)i(l str(‘ain could not ha\e transj)ortc(l. 

Materials Used for Drains. The mat(Tials enii)lo\(‘d for 
drains are: stone, vitrified clay pipe, porous til(‘, and concrete. 
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Stone Drains, The stone drain is constructed in two forms, 
shown in Pigs. 21 and 22. The first form, called a “blind*' drain, 
consists of a trench excavated to the required depth and filled 
with cobblestones or rounded pebbles. To prevent the soil from 
washing in and choking it, the larger stones are covered first with 
a layer of small gravel, and then with a layer of coarse gravel, by 
which means the water is filtered before passing into the porous 
mass beneath. Angular stones are not suitable for this type of 
drain. The second form of stone drain, an open channel called a 
“throat", is formed in the bottom of the trench with rough slabs 
of- stone, and the trench is filled in the same manner as for a 
blind drain. 

Vitrified Pipe Drains. Vitrified pipe drains are constructed 
by placing the pipe in the bottom of the trench, filling the hubs 
with oakum and back-filling the trench with gravel, broken stone, 
or a mixture of these. 

Porous Tile Drains. Porous tile, Fig. 23, form very satisfactory 
drains. They carry off the water with great ease, rarely if ever 
get choked, and require only a slight 
inclination to keep the water moving 
through them. The tile have plain 
ends which are placed in contact in 
the trench and wrapped with tar 
paper or burlap. They are sur- 
rounded and covered with gravel or 
l^roken stone not exceeding 1 inch in 
size for a dei)th rungiiig from G to 12 inclics, and the remaining 
depth of tlic treiicli is filled with large gravel or brokcMi stone. 

Concrete Tile Drains. Tile made of concrete have Ihhmi in 
satisfactory service for several decades. They are g(‘iuTally inad(‘ in 
l(‘iigths of one foot with })lain ends an<l are laid in the same inaniua* 
as the })orous tile. d"hey can l)e made in ])ortal)le maehiiu's in th(‘ 
vicinity wTere they are to be used- an ad\'antag(‘ that tiMids 
toward low first cost. 

For the manufacture of concrete tile the l)(‘st (piality of 
hydraulic (Portland) cement, clean sand, and fine gTa\(‘l or broken 
stone should be used in the proportion of one ])art (‘cment, two 





Fig 23 Porous Tile Drain 



42 


HIGHWAY CONSTRUCTION 


tides exceeding f inch in size. SiijEcient clean water should be 
used to produce a “wet mix’’, which should be poured into the 
molds before setting begins and rammed lightly. After setting is 
completed, the tile should be cured for about 90 days. 

Sizes of Drains. The size of the drain to be adopted for a 



given situation depends upon the amount 
of water to be carried and the fall that can 
be given the drain. These two factors being 
given, there are several formulas that can 
be used to determine the required size. But, 
in the subsoil drainage of a road, the amount 
of water to be moved can be guessed at 
only; therefore, experience as to what a 
drain has accomplished in a given locality 
is a better guide than the result given by 
any formula. Experience shows that the 


Fig. 24. Typical Construction least practicable size is 4 inches. I'he 

for Silt Basin « , 

amount oi water to be moved is generally 


assumed to vary between J inch and 1 inch per acre, })er 2 I hours, 


on the area to be drained. 


Silt Basins. Silt basins should be constructed at all junctions 
and wherever else they may be considered necessary; tlu-y may lx* 
made from a single 6-inch pipe, Fig. 21, or constructcMl of brick 


masonry. 

Protection of Drain Ends from Weather. As tih* drains art* 
more liable to injury from frost tliaii those of either brick or sIoik*, 



I''ii; 2.’) Piopcr Ml t liixl (if ( ii\ I Dinin < »ut i( I 

their ends at tlie side ditches should not be t‘\p()M‘d <lin‘(ily to 
the weather in verv cold cliuiatc-s, but luav terminate in blind 
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drains, or a few lengths of vitrified clay pipe reaching under the 
road a distance of about 3 or 4 feet from the inner slope of the ditch. 

Drain Outlets. Drain outlets may be formed by building a 
dwarf wall of brick or stone, whichever is the cheapest or most 
convenient in the locality. The outlet, Fig. 25, should be covered 
with an iron grating to prevent vermin entering the drain pipes 
and building nests, thus choking the waterway. 

Side Ditches. Side ditches are provided to carry away the 
subsoil water from the base of the road, and the rain water which 
falls upon its surface; to do this speedily they must have capacity 
and inclination proportionate to the amount of water reaching 
them. The width of the bed should not be less than 18 inches; 
the depth will vary with circumstances, but should be such that 
the water surface shall not reach the subgrade, but remain at least 
12 inches below the crown of the road. The sides should slope 
at least 1| to 1. 

The longitudinal inclination of the ditch follows the configura- 
tion of the general topography, that is, the lines of natural drainage. 
When the latter has to be aided artificially, grades of from 1 in ( 
500 to 1 in 800 will usually answer. 

In absorbent soil less fall is sufficient, and in certain cases 
level ditches are permissible. The slopes of the ditches must be 
protected where the grade is considerable. This can be accomplished 
by sod revetments, riprapping, or paving. 

Surface Drainage 

The drainage of the roadway surface depends upon the presi'r- 
vntion of the cross section, with regular and uninterrupted hill 
to tlici sides and without hollows or ruts in which the wnter enn lie, 
and also u])on the longitudinal fall of the road. If this is not sulli- 
cient the road becomes flooded during heavy rainstorms and m(‘lting 
snow, and is considerably damaged. 

Side Ditches and Gutters. The removal of surface water 
from country roads may be* clfectcd by tlui side ditches, into which, 
w'hen there are no sid(‘v\alks, the water flows directly. When there 
are sidewalks, gutters are formed between the roadway and foot- 
path, and tlie watcT is conducted from these gutUTS into the side 

Urr ..r .Uw^,,+ 
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50 feet. The entrance to these pipes should be protected against 
washing by a rough stone paving. In the case of covered ditches 
under the footpath, the water must be led into them by first passing 
through catch basins. These are small masonry vaults covered 
with iron gratings to prevent the ingress of stones, leaves, etc. 
Connection from the catch basin is made by a tile pipe about 6 
inches in diameter. The mouth of this pipe is placed a few feet 
above the bottom of the catch basin, and the space below it acts 
as a depository for the silt carried by the water, and is cleaned 
out periodically. The catch basins may be placed from 200 to 
300 feet apart. They should be made of dimensions sufficient 
to convey the amount of water which is liable to flow into them 
during heavy and continuous rains. 

If on inclines the velocity of the water is greater than the nature 
of the soil will withstand, the gutters should be roughly pa\'ed. 

3 ases, the slope adjoining the footpath should be covered 
ood. A velocity of 30 feet a minute will not disturb clay 
sand and stone; 40 feet per minute will move coarse sand; 
60 feet a minute will move gravel; 120 feet a minute slionid move 
round pebbles 1 inch in diameter, and 180 feet a minute will move 
angular stones If inches in diameter. 

The scour in the gutters on inclines may he ])rcvcnt(‘(l by 
small weirs of stones or wood stick fascines constructed by the 
roadmen at a nominal cost. At j’lmctions and crossroads the 
gutters and side ditches require careful arraiigiuiKuit so that tlu* 
water from one road may not be thrown upon anotlus-; cross drain^ 
and culverts will be rcciuired at siicli places. 

Treatment of Springs Found in Cuttings. In cuttings, springs 
are frequently encountered and become a. sourc(‘ of con.stant danger 
to the stability of tlie slopes. In such cjim's tli(‘ sIojk* ^lioiiM lx* 
excavated at tlic ])oint wIktc the wat(‘r apjx'ar^, uiilil, if p(»->Mblc, 
the source is readied. \\ Ikmi the sourc(‘ Iia^ been r(‘aclic(l, an out let 
is provided by constructing a drain and coniu'cting it with the 
drain at the roadside. Sometimes it may bi‘ im])os^il)l(‘ to trace* 
the water to a single source*, the whole fact* of the cutting b(‘ing 
saturated for some distanct*. In such cast's tlu* treatment may 
be difficult and expensivt*, but a s(*ries ol drains may bt* run up the 
slope to such height as will tap all the water ai)peariiig. 
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In cuttings, the ditch at the toe of the slope is liable to be 
filled with silt carried down the slope by rain; and where this might 
occur, covered drains should be constructed. 

Drainage for Hillside Roads. On hillside or mountain roads 
catch-water ditches should be cut on the mountain side above the 
road, to cut off and convey the drainage of the ground above them 
to the neighboring ravines. The size of these ditches will be 
determined by the amount of rainfall, extent of drainage from the 
mountain which they intercept, and by the distances of the ravine 
watercourses on each side. 

Inner and Outer Road Gutters. The inner road gutter should 
be of dimensions ample to carry off the water reaching it; when 
in soil, it should be roughly paved with stone. When paving is 
not absolutely necessary, but is desirable to arrest the scouring 
action of running water during heavy rains, stone weirs may be 
erected across the gutter at convenient intervals. The outer gutter 
need not be more than 12 inches wide and 9 inches deep. The 
gutter is formed by a depression in the surface of the road close 
to the parapet or revetted earthen protection mound. The drainage 
which falls into this gutter is led off through the parapet, or other 
roadside protection, at frequent intervals. The guard stones on 
the outside of the road are placed in and across the gutter, just 
l)cl()\v tlie drainage holes, so as to turn the current of the drainage 
into tlicse holes or channels. On straight reaches, with parapet 
jirotection, drainage holes watli guard stones should be placed every 
20 feet ajiart. Where earthen mounds are used, and it may not be 
convenient to have the drainage holes or channels every 20 feet, 
the guardstones are to be placed in advance of the gutter to allow 
the drainage to pass behind them. This drainage is eithcT to be 
run off at the cross drainage of the road, or to be turned off as before 
by a guard stone set across the gutter. 

At re-entc'ring turns, where the outer side of tlie road recpiires 
])articnlar protection, guard stones should l)e ])lac(‘d e\ (Ty 4 fe(‘t. 
As all re-entering turns should l)e ])rotect(‘d by i)arai)ets, the drainage 
holes through them may be j)laced as close together as desired. 

Where the road is in cml)ankm{‘nt the surface water must l)e 
})re\ented from running down the sloj)es by ])roviding ain})le gutters 
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Water Breaks. Water breaks to turn the surface drainage 
into the side ditches, should not be constructed on improved roads. 
They increase the grade and are an impediment to convenient 
and easy travel. Where it is necessary that water should cross 
the road, a culvert should be built. 


CULVERTS 


Functions of Culverts. Culverts are necessary for carrying 
the cross streams under a road, and also for conveying the surface 
water collected in the side ditches from the upper side to that side 
on which the natural watercourses lie. 

Especial care is required to provide an ample way for the water 
to be passed. If the culvert is too small, it is liable to cause a 
washout, entailing interruption of traffic and cost of repairs, and 
possibly may cause accidents that will require payment of large 
sums for damages. On the other hand, if the culvert is made 
isarily large, the cost of construction is needlessly increased. 

.-actors Considered in Design of Culverts. Tlie area of water- 
way required depends upon a number of important factors, which 
will be discussed briefly. 

Rate of Rainfall. It is the maximum rate of rainfall during 
the severest storms which is required in this connection. This 


varies greatly in different sections of the (•(nmtry. 

The maximum rainfall as shown by statistics is about one iiicb 
per hour (except during heavy .storms); e(iual to ibCslO cnbi.’ iVet 
per acre. Owing to various <‘anses, not more than ."lO to 7.”) jicr 
cent of this amount will reaeli tlie culvert within llie same hour. 
Inches of rainfall X.'bbilO = cubic feet per acre 
Inches of rainfall X-,')-.hd()t) = cubic f('(‘t ]K‘r stpaare mile 
Kind and Condition oj Soil. Theainoimt of waferto bedrained 
off will depend upon the permeability of the stirfaee of the ground, 
which will vary greatly with the kind <.f soil, t he degree' of sat iiral ion,’ 
the condition of the cultivation, the amount of vegetation, etc. 

Character and Inclination ofSnrfinr. d'herapidit.v w ith w hicli t In' 
water will reach the watercourse dejH'm Is u|)oti w hether tliesnrf.iee is 
rough or smooth, .steep or flat, barren or emen'd with vegetation, etc. 

Condition and Inclination of Stream 11, d. 'I'lie niihditv with 
wluch the water will reach the culvert depends mam whether there 
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is a well-defined and unobstructed channel or whether the water finds 
its way in a broad, thin sheet. If the watercourse is unobstructed and 
has a considerable inclination, the water may arrive at the culvert 
nearly as rapidly as it falls; but if the channel is obstructed, the 
water may be much longer in passing the culvert than in falling. 

Shape of Area to be Brained and Position of Stream Branches, 
The area of waterway depends upon the amount of the area to 
be drained; but in many cases the shape of this area and the position 
of the branches of the stream are of more importance than the 
amount of the -territory. For example, if the area is long and 
narrow, the water from the lower portion may pass through the 
culvert before that from the upper end arrives; or, on the other 
hand, if the upper end of the area is steeper than the lower, the water 
from the former may arrive simultaneously with that from the 
latter. Again, if the lower part of the area is supplied better with 
branches than the upper portion, the water from the former will 
be carried past the culvert before the arrival of that from the latter; 
or, on the other hand, if the upper part is supplied better with branch 
watercourses than is the lower, the water from the whole area 
may arrive at the culvert at nearly the same time. In large areas 
the shape of the area and the position of the w^atercourses are very 
important considerations. 

Month of (Advert and Inclination of Bed. Tlie efficiency of a 
culvert may l)e increased very materially l)y arranging the u|)per 
end so that the W’atcr may cuter into it without being retarded. 
The discharging capacity of a culvert can Ik‘ increased greatly by 
incr(‘asing tlie inclination of its bed, pro\ided thec*haimel below will 
allow the walcT to flow' away freely aft(‘r having pass(‘(l the culvert. 

Provision for Bisrhanjr of Water Under Head. The discharging 
capacity of a cnKc'rt can b(‘ incr(‘as(‘<l grc'atly by allowing the water 
to dam lip abo\’(‘ it. A ciilvcTt will dis(*liarg(‘ twice* as ninch nnde^r 
a li(‘ad of four iV(‘t as under a head of oik* foot. This can be done 
safely only with a W(*ll-constnicted culvert. 

Tlu^ d(*t(*rminatiou of the* values of the dillercnt factors entering 
into the* prol)l(*in is almost wholly a. matter of judgment. An 
(*stimate for any one of the above factors is liable to be in error 
from 100 to 1200 ])er c('nt, or (‘\en more, and of cour^(' any result 
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mathematical exactness is not required by the problem nor warranted 
by the data. The question is not one of 10 or 20 per cent of increase; 
for if a 2-foot pipe is insufficient, a 3-foot pipe probably will be 
the next size, an increase of 225 per cent; and if a 6-foot arch culvert 
is too small, an 8-foot will be used, an increase of 180 per cent. 
The real question is whether a 2-foot pipe or an 8-foot arch culvert 
is needed. 

Valuable data on the proper size of any particular culvert may 
be obtained as follows: (1) by observing the existing openings on 
the same stream; (2) by measuring, preferably at time of high 
water, a cross section of the stream at some narrow place; and (3) 
by determining the height of high water as indicated by drift and 
d6bris, and from the evidence of the inhabitants of the neighborhood. 

On mountain roads, or roads subjected to heavy rainfall, 
culverts of ample dimensions should be provided wherever required, 
and it will be more economical to construct them of masonry. In 
localities where boulders and debris are likely to be washed down 
during wet weather, it will be a good precaution to construct c*atch 
pools at the entrance of all culverts and cross drains for the recci)ti()n 
of such matter. In hard soil or rock these catch pools will be 
simple well-like excavations, with their bottoms two or thrc^e [‘(‘(‘t 
below the entrance sill or floor of the culvert or drain. WiuTc 
the soil is soft they should be lined with stone laid dry; if very soft, 
with masonry. The size of the catch pools W'ill deix^id upon th(‘ 
width of the drainage w^orks. They should l)e wide enough to 
prevent the drains from being inj'nred by falling rocks and stoiK*^ 
of a not inordinate size. 

The use of catch pools obviates the uce(‘ssity of building (■iil\(‘r(s 
and drains at an angle to the axis of the road. Oblifjiu^ .structur(‘s 
are objectionable, as being longer than if s(‘t at right angk'^. and by 
reason of the acute- and obtuse-angled terminations to tlu'ir j)i(Ts, 
abutments, and coverings. 

Types of Culverts 

General Classification. Three t\pes of culverts ar(‘ ein[)loy(‘d, 
namely: pipe, box, and arch. The ])i])e cuUert is cm|)loy(‘d for 
small streams, in sizes 'from 12 to 24 inclu's. Hox cubxTts arc 
emplo}'cd in sizes from 24 inches up to 8 feet. Arch culverts are 
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used for spans 8 feet and over. In the construction of culverts 
a variety of materials are used. Pipe culverts are constructed 
of earthenware or vitrified clay, cast iron, corrugated steel, brick, 
or concrete; box and arch culverts are built of stone, brick, or con- 
crete. Short span concrete bridges are also often employed as 
culverts. The type of culvert and the material to be used are 
determined in some cases by the cost; in others by the load to be 
supported, as where the depth of fill over the culvert is considerable, 
or where a large area of waterway is required. 

Earthenware Pipe Culverts. ConstriLction, In laying the pipe 
the bottom of the trench should be rounded out to fit the lower 
half of the body of the pipe, with proper depressions for the sockets. 
If the ground is soft or sandy, the earth should be rammed carefully, 
but solidly, in and around the lower part of the pipe. The top 
surface of the pipe, as a rule, never should be less than 18 inches 
below the surface of the roadway, but there are many cases where 
pipes have stood for several years, under heavy loads, with only 
8 to 12 inches of earth over them. No danger from frost need be, 
apprehended, provided the culverts are so constructed that the 
water is carried away from the level end. Ordinary soft drain 
tiles are not afiectcd in tlie least by the expansion of frost in the 
earth around them. 

The freezing of water in the pipe, particularly if more than half 
full, is liable to burst it; consequently tlie i)ipe should have a suffi- 
cient fall to drain itself, and the outside sliould be so low that tliere 
is no danger of backwaters reaching the ])i])e. If pr()])erly drained, 
there is no danger from frost. 

Joitifhig. In many cases, ])erhaj)S in most, the joints are 
not calked. If this is not done, there is dangcT of the water being 
forced out of tin* joints and of washing away th(‘ soil from around 
the pipe. hl\(‘n if tlu' danger is not \'(Ty inimiiKMit, the joints 
of the larger ])i])(‘S, at l(‘ast, should b(‘ calked with hulranlic ceiiK'iit, 
since the cost is \cry small coinj)ared with th(‘ insurance against 
damage thereby secured. Sometimes the joints are calk(‘d with 
clay, livery ciiKert should be built so it (*an discharge wat(‘r 
under a head without damage to itself. 

r.vc of Ijullihr(t(l6‘. Although often omitted, the end sections 
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The foundation of the bulkhead should be deep enough not to be 
disturbed by frost. In constructing the end wall, it is well to 
increase the fall near the outlet to allow for a possible settlement 



Fig. 26. Typical Design for Masonry Bulkhead 


of the interior sections. When stone and brick abutments arc too 
expensive, a fair substitute can be made by setting posts in tlu^ 
ground and spiking plank to them. When planks are used, it 
is best to set them with considerable inclination towards the road- 
bed to prevent their being crowded outward by the pressure of the 
embankment. The upper end of the culvert should be so protected 



that the water will not readily find its way aloiiii thr (nit^^idf^ of tla* 
pipes, in case the mouth of the euKrrt should bccoriK* .sul)infrg(‘<l, 
When the capacity of one ])ipe is not siiflicionl , two or more 
may be laid side by side as shown in Fil^. Mthninrl, fuw. 
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ptnnll pipes do not have as much discharging capacity as a single 
large one of equal cross section, yet there is an advantage in laying 
two pTnall ones side by side, since the water need not rise so high 
to utilize the full capacity of the two pipes as would be necessary 
to discharge itself through a single one of large size. 

Iron Pipe Culverts. During recent years iron pipe. Fig. 28, 
has been used for culverts on many prominent railroads, and may 
be used on roads in sections where other materials are unavailable. 

In constructing a culvert with cast-iron pipe the points requiring 
particular attention are; (1) tamping the soil tightly around the 
pipe to prevent the water from forming a channel along the outside; 



Broken Sfone 
or Bn 


JS Sect ii>n ShoiMtii? C'on^l met Ion ol Iron Pipe CAilvnrt 


and (2) protc-cling tbe cuds by suitable head walls and, when neces- 
sary, laying riprap at the lower end. The amount of masonry 
recpiired for the end walls depends upon the relative width of the 
embankment and tlie number of sections of pipe used. For cxamiilo, 
if tbe embankment is, say, -10 feet wide at tbe base, tbe culvert 
may consist of tliree 12-foot lengths of pipe and a bglit end \ya 
near tbe toe of 1b(' bank; but if tlie embankment is, say, 22 feel 
wide, the enlsert ma\ consist of tuo 12-root lengths of pqie and a 
eomparatiNch beavv end \sall ^^v\l back from tbe toe of tlie bank. 
The smaller sizes of pipe usually come in 12-foot lengtbs, but some- 
times a few li-foot haigths are iiielnded for use in adjusting the 
length of tbe <-uKert to tbe width of the bank. Tbe larger sizes 
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Box Culverts. Box culverts, Fig. 29, consist of two side walls 
with a flat deck. When stone is used, they are generally built of 
dry rubble masonry. The walls should be well founded at about 
42 inches below the bed of the stream. The thickness of the walls 
varies according to the height. The wings are formed by extending 
the walls out straight and stepping them down. The deck may be 
made of stone slabs or reinforced concrete; with the latter it is 
possible to use wider spans than with stone slabs.^ Where the force 
of the stream is sufficient to scour the bed, it will be necessary to 



End View und Inn ' . ' ' ^ ! :7 ' 'J 


FiK 20 T\ pif .il pdr liii\ < 'iiK I 1 1 

pave it with stone or c-onen'to. Wli(‘ii rcinfonrd coik wiv U iimmI 
instead of stone, tlie side ^\^dls ar(‘ made from 1 to S incla'-^ tliick, 
depending upon the lieiglit. \Mu*rc it is not neee^^ary to j)a\(‘ 
tlie stream bed, the walls are earri(‘d down about 2 lent below tin* 
bed, and founded upon a footing !) to 12 inelu's thick and MiHieiciit ly 
wide to secure ample area of the soil to Mijiport tli(‘ load. When' 
scouring of the bed is liable to oeenr, a eoiiende liottoni is con- 
structed throughout the entire width and length of the enlviTt, 
and the side walls are founded on it: if nec(‘s.sarv. a cut-oil wall 



HIGHWAY CONSTRUCTION 


53 


is constructed across each end to a depth of about 2 feet below 
the bottom. 

Arch Culverts. The arch form of culvert is more costly than 
the other forms, but it is often preferred on account of its appearance, 
Fig. 30. When masonry and plain concrete are used, very heavy 
abutments are required in order that no movement can take place 
under a live load, to cause bending moments in the arch. In design- 
ing reinforced-concrete arches, bending is provided for by consider- 



Fik. ‘if). Dosi^n for Arch Culvert 


iiig the arch as a curved beam, with a (‘onsequent reduction in tlie 
weight of tlie al)iitmciits. 

Short Span Ikidges Used as Culverts. Three t.\pes of rein- 
forc(‘(l-coiicretc l)ri(lges are employed for short spans: (a) the flat 
slab; (/>) the T-l)(‘ain; (c) tlie steel I-I)eani incased in concrete, 
h'ig. 31. 3'ho leiigtli of span over wliich reinforced slabs may be 
built vitli safety depends upon the load to be carri(‘d; under normal 
conditions the inaxiimiin span is 12 feet. The thickness of the slab 
for a si)an 2 feet should be not less than G inches and should increase 
with increase of span. The slabs are reinforced with steel bars, 
exnanded mt'tal. or other forms of reinforcing metal; the cross- 
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sectional area of the reinforcing steel required is about 1 per cent 
of that of the slab.* 

The T-beam type is practicable for spans from 12 to 30 feet. 
The I-beam type may be used for all spans up to 30 feet. In this 
type, the I-beam is designed to transmit the load to the abutments, 
while the reinforced-concrete floor transmits the load to the I-beams. 
This type of construction is noted for its safety and ability to with- 
stand severe and unfavorable conditions, such as the settlement 
of the abutments, which may cause rupture of the concrete. The 



Seclior? of Flol Slob Ci ^erl. 



SeciLOO Through Top For T Cu^v(rr^ 



•Section Throoph Top for I Beam Cifl-rri 


Fig. .‘U Sections of ’^rtpicnl Short Siwin ('oinii'fc Hiiilgr'* I -cil j|s ('nlviiH 

I-beam may or may not be incased iiitliecoiicr(‘tc; lli(‘ oliji'ct sought 
in so doing is to protect it from rust. Tliis may b(‘ accompli-^lK'd 
also by painting, l)ut as tliis lUK'ds to lie r<‘p(‘atcd frccjiicnt ly and 
as there is a possibility that it will not Ix' doin*, it is l)(‘tlcr to incast^ 
the beams in the concrete during construction, and so in^nn' tlicir 
permanent protection. '^Fliis t\pe also admits oT arch const met ion 
between the beams for tin* lloor s\ stem, thus dccr(‘a^ing tln^ d(‘|)l li 
required tor the floor; this h'atnre may he of valne in locat ions when* 
the ar(‘a of the waterway or the “h(‘ad room” is a controlling factor. 

The theory of design of concretr bridges :ind r uherts n di-tciissi'il in Masunrv urnl Ib iii- 
forced Concrete, Part 1 1 1 
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EARTHWORK 

The term ''earthwork” is applied to all the operations per- 
formed in the making of excavations and embankments. In its 
widest sense it comprehends work in rock as well as in the looser 
materials of the earth’s crust. 

Balancing Cuts and Fills. In the construction of new roads, 
the formation of the roadbed consists in bringing the surface of the 
ground to the adopted grade. This grade should be established so as 
to reduce the earthwork to the least possible amount, both to render 
the cost of construction low, and to avoid unnecessarily marring 
the appearance of the country in the vicinity of the road. The 
most desirable position of the grade line is usually that which makes 
the amounts of cutting and filling equal to each other, for any sur- 
plus embankment over cutting must be made up by borrowing, 
and surplus cutting must be wasted; both of these operations 
involving additional cost for labor and land. 

Side Slopes. Inclination, The proper inclination for the 
side slopes of cutting and embankments depends upon the nature 
of the soil, the action of the atmosphere, and the action of internal 
moisture upon it. For economy the inclination should be as steep 
as the nature of the soil will permit. 

The usual slopes in cuttings are: 

Solid rock I to 1 

Earth and g:rav(‘l to 1 

Clay 3 or G to 1 

Fine sand 2 or 3 to 1 

The slopes of embankment are usually made to 1. 

Form of Slopca. The natural, strongest, and ultimate form 
of eartli sloj)es is a concave curve, in which the flattest i)()rti()n 
is at the bottom. This form is very rarely given to tlie slopes in 
constructing them; in fact, the reverse is often the case, the slopes 
l)eing made convex, thus saving excavation by the contractor 
and inviting slips. 

In (‘uttings exceeding 10 feet in depth the forming of concave 
slopes will aid materially in preventing slips, and in any case they 
will reduce the amount of material which eventually will have to 
be removed when cleaning up. Straight or convex slopes will 

iin + il TiQ-fnral fnrm ic o++ciin^irl 
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A revetment or retaining wall at the base of a slope will save 
excavation. 

In excavations of considerable depth, and particularly in soils 
liable to slips, the slope may be formed in terraces, the horizontal 
offsets or benches being made a few feet in width with a ditch on 



the inner side to receive the surface water from the portion of the 
side slope above them. These benches catch and retain earth 



Fig 33. Section Showing Correct Slopes of Excavations 


that may fall from the slopes above them. The correct forms for 
the slopes of embankment and excavation are shown in :{2 
and 33. 

Covering of Slopes. It is not usual to emj)loy any artiKcial 
means to protect the surface of the side slopes from tlu; action of 
the weather; but it is a precaution which in the end will sa\'c much 
labor and expense in keeping the roadways in good order. 'I'lic 
simplest means which can be used for this puriiosc consist in cover- 
ing the slopes with good sods, or else with a layer <if \<‘gctahl(‘ 
mold about four inches thick, carefully laid and sown with grass 
seed. These means are amply sufficient to jirotect tin- side sloja's 
from injury when they are not exposed to any other caus«‘ of 
deterioration than the wash of the rain and the action of frost 
on the ordinary moisture retained hy the .soil. 

A covering of brushwood or a thatch of strasv may also lx- u.scd 
with good effect; but from their jierishahle nature they will rcijiiire 
frequent renewal and repairs. 

Where stone is abundant a small wall of stone laid dry may he 
constructed at the foot of the slopes to prevent any wash fn)m them 
being carried into the ditches. 
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Shrinkage of Earthwork. All materials when excavated in- 
crease in bulk, but after being deposited in banks subside or shrink 
(rock excepted) until they occupy less ^ace than in the pit from 
which excavated. 

Rock, on the other hand, increases in volume by being broken 
up, and does not settle again into less than its original bulk. The 
increase may be taken at 50 per cent. 

The shrinkage an the different materials is about as follows : 

Gravel 8 per cent ' 

Gravel and sand 9 per cent 

Clay and clay earths 10 per cent 

Loam and light sandy earths 12 per cent 

Loose vegetable soil 15 per cent 

Puddled clay 25 per cent 

Thus an excavation of loam measuring 1000 cubic yards will 
form only about 880 cubic yards of embankment, or an embankment 
of 1000 cubic yards will require about 1120 cubic yards, measured 
in excavation, to make it. A rock excavation measuring 1000 yards 
will make from 1500 to 1700 cubic yards of embankment, depending 
upon the size of the fragments. 

The lineal settlement of earth embankments will be about in 
the ratio given above; therefore either the contractor should be 
instructed, in setting his poles to guide him as to the lieiglit of grade 
on an earth embankment, to add the required percentage to the 
fill marked on the stakes, or the percentage may be included in 
the fill marked on the stakes. In rock embankments this is not 
necessary. 

Classification of Earthwork. Excavation is usually classified 
as earth, hardpan, loose rock, or solid rock. For each of these 
classes a specific price is usually agreed upon, and an extra allowance 
is sometimes made when the haul, or distance to which the (‘xcavated 
material is moved, cxcetxls a given amount. 

The characteristics which determiiu^ the classes to which a 
given material belongs are usually described with clcariu‘ss in the 
specifications, as: 

Earth, to include loam, clay, sand, and loose gravel. 

Hardpan, to include cemented gravel, slate, cobbles, and 
boulders containing less than 1 cubic foot, and all other material 
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Loose rock, to include shale, decomposed rock, boulders, and 
detached masses of rock containing not less than 3 cubic feet, and 
all other material of a rock nature which may be loosened with a 
pick, although blasting may be resorted to in order to expedite the 
work. 

Solid rock, to include all rock found in place in ledges and 
masses, or boulders measuring more than 3 cubic feet, and which 
can only be removed by blasting. 

Prosecution of Earthwork. No general rule can be laid down 
for the exact method of carrying on an excavation and disposing 
of the excavated material. The operation in each case can be 
determined only by the requirements of the contract, character 
of the material, magnitude of the work, length of haul, etc. 

Methods of Forming Embankments. General Case. Where 
^jabankments are to be formed less than 2 feet in height, all stumps, 
weeds, etc., should be removed from the space to be occupied by 
the embankment. For embankments exceeding 2 feet in height 
stumps need only be close cut. Weeds and brush, however, onght 
to be removed and if the surface is covered with grass sod, it is 
advisable to plow a furrow at the toe of the slope. Where a cut 
passes into a fill all the vegetable matter should he reinox'cd from 
the surface before placing the fill. The site of the hank should 
be examined carefully and all deposits of soft, compressible matt(T 
removed. When a bank is to be made over a swamj) or marsli, 
the site should be drained thoroughly, and if possible the fill should 
be started on hard bottom. 

Perfect stability is the object aimed at, and all j)r(‘(*autions 
necessary to this end should be taken. KmbanknuMits should lx* 
built in successive layers: banks 2 feet and uikUt in lay(Ts from 0 
inches to 1 foot; heavier banks in layers 2 and 3 f(‘(‘t thick. The 
horses and vehicles conveying the materials should be nxiuired to 
pass over the bank for the purpose of consolidating it, and car(‘ 
should be taken to have the layers dip towards the c(‘iiter. Kmhank- 
ments which have been first built up in th(‘ c(‘nt(‘r, and aft(T- 
wards widened by dumping the earth o\er th(‘ sid(‘s, should iicvct 
be allowed. 

Embankments on Hillsides. When the axis of the road is 
laid out on the side slone of a hill jind tlu* 
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by excavating and partly by embanking, the usual and most simple 
method is to extend out the embankment gradually along the whole 
hne of the excavation. This method is insecure; the excavated 
material if simply deposited on the natural slope is liable to slip, 
and no pains should be spared to give it a secure hold, particularly 
at the toe of the slope. The natural surface of the slope should be 
cut into steps, as shown in Fig. 34. The dotted line AB represents 
the natural surface of the ground, CEB the excavation, and ADC 
the embankment, resting on steps which have been cut between A 
and C. The best position for these steps is perpendicular to the 
axis of greatest pressure. If AD is inclined at the angle of repose 
of the material, the steps near A should be inclined in the oppo- 
site direction to AD, and at an angle of nearly 90 degrees thereto. 



Fik .U St'C’Uon of Eiubunkinont Showins Huiaforcmg bv Means of Steps 


while the ste])s near C may he level. IF stone is ahnndaiit in the 
locality, the toe of the slope may be further secured by a dry wall 
of stone. 

On hillsides of great inclination the above method of construc- 
tion will not be suflliciently secure; retaining walls of stoiu* must 
be sul)stitute(l for the side slopes of both the excavations and embank- 
ments. These walls may be made of stone laid dry, when ston(‘ 
can be j)rocured in blocks of snllicient size to render this kind of 
construction of sufficient stability to resist the pressure of the 
earth. When th(' stones laid dry do not oiler this security, they 
must be laid in mortar. The wall which forms the slope of the 
excavation should be carried up as high as the natural surface 
of the ground. Unless the material is such that th(‘ slop(' may b(‘ 
safely formed into steps or benches, as shown in Fig. 31, the wall 



60 


HIGHWAY CONSTRUCTION 


of the roadway, and^a parapet wall or fence raised upon it, to protect 
pedestrians against accident, Fig. 35. 

For the formula for calculating the dimensions of retaining 
walls see Instruction Paper on Masonry and Reinforced Concrete, 
Part III. 

Treatment of Roadways on Rock Slopes, On rock slopes, when 
the inclination of the natural surface is not greater than 1 on the 
vertical to 2 on the base, the road may be constructed partly in 
excavation and partly in embankment in the usual manner, or 
by cutting the face of the slope into horizontal steps with vertical 
faces, and building up the embankment in the form of a solid stone 
wall in horizontal courses, laid either dry or in mortar. Care is 
required in proportioning the steps, as all attempts to lessen the 



quantity of excavation, by iiicreasing tlie iiuinher and diiniiiisliiiig 
the width of the steps, require additional precautions against scttl(‘- 
ment in the built-up portion of the roadway. 

When the rock slope has a greater inclination than 1:2 tli(‘ 
whole of the roadw^ay should be in excavation. 

In some localities roads have been constructed along th(‘ Fac<‘ 
of nearly perpendicular cliffs, on timber frameworks consisting of 
horizontal beams firmly fixed at one end by being let into liolt‘s 
drilled in the rock, the other end being support(‘d by an incliiu'd 
strut resting against the rock in a shoulder cut to receive it. TIktc 
are also examples of similar i)latforms sus])end(‘d instead of Ixaiig 
supported. 

Tools for Construction Work 

Picks. Picks are made in various styles, according to the class 
of material in which they are to be used. Fig. 30 shows the form 
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usually employed in street work. Fig. 37 shows the form generally 
used for clay or gravel excavation. 



Fig. 36. Grading Pick 

Courtesy of Acme Road Machinery Company, Frankfort, New York 


The eye of the pick is formed generally of wrought iron, while 
the points are of steel. The weight of picks ranges from 4 to 9 
pounds. 



Fig. 37. Clay Pick 

Courtesy of Acme Road Machinery Company, Frankfort, Nvw York 


Grubbing Tools. In handling brush, stumps, etc., such tools 
as the bush hooks, Fig. 38, the bush mattock. Fig. 39, and the axe 
mattock. Fig. 40, are com- 
monly used. These are 
cutting as well as grading 
tools. 

Shovels. Shovels, Fig. 

41, arc made in two forms, 
square and round pointed, 
usually of pressed steel. 

Plows. Plows are em- 
ployed cxtensi\x‘ly in grad- 




l''ig 3') liu.sh Mattock I'lg 10 Axe M.il loi k 


ing, special forms being manufactured for the jiurposc. They are 
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They vary in form according to the kind of work they are intended 
for, viz, loosening earth, gravel, hardpan, and some of the softer rocks. 

These plows are of great strength ; 
selected white oak, rock elm, wrought 
steel, and iron generally b^ing used in 
their construction. The cost of oper- 
ating plows ranges from 2 to 5 cents 
per cubic yard, depending upon the 
compactness of the soil. The quan- 
tity of material loosened will vary 
from 2 to 5 cubic yards per hour. 

Grading Plow. Fig. 42 shows the 
form usually adopted for loosening 
earth. This plow does not turn the 
soil, but cuts a furrow about 10 inches 
wide and of a depth adjustable up to 
1 1 inches. 

In light soil the plows are oiht- 
ated by 2 or 4 horses; in heavy soil 


Fig. 41. Round Pointed and Square aS many as S are empl()\C(l. CiTJul" 

Courtesy of. MlulMachir,er, lUg ploWS Vary ill Weight from 100 

Company, Frankfort, New York pOUIlds 



Fig 4l! TvpH'sd Ilimd IMdw 

Courtesy of Western WhidtU Si nipt r ('umimny, Aunini, liliniu'i 


Ilard'pan Plow. Fig. 43 illustrates a plow si)eeially (l(‘sigii(‘(l 
for tearing up macadam, gravel, or similar material. 4'li(‘ jxiiiit is 
a straight bar of cast steel drawn down to a ])oint, and can he 

ren^nrprl ptitiilA- 
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Scrapers. Scrapers are used generally to move the material 
loosened by plowing; they are made of either iron or steel, and in a 



Fig. 43. Typical Hardpan or Rooter Plow 
Courtesy Western Wheeled Scrayer Company, Aurora, Illinois 


variety of forms, and are known by various names, as ^'drag”, “buck”, 
“pole”, and “wheeled”. The drag scrapers are employed usually 
on short hauls, the wheeled 
ones on long hauls. 

Drag Scrapers, Drag 
scrapers. Fig. 44, are made 
in'three sizes. The smallest, 
for one horse, has a capacity 
of 3 cubic feet; the others, 
for two horses, have a 
capacity of 5 to 7| cubic 
feet. Tlie smallest weighs 
about 90 pounds, and the 


larger ones from 9 1 to 102 pounds. 

Buck Srraprrs. Buck scraiiers, 
Fig. 43, are made in two sizes — 
iwo-liorse, carrying 7^ cubic feet; 
fonr-horse, 12 cubic f(‘(‘t. 

Pole Scrapers. Bole scrapers 
are designed for use in making and 
leveling earth roads and for cutting 
and cleaning ditches; they are well 
adapted also for moving earth short 




Fig 44. Dr.'ig Srrapor 
Courtesy Western Wheeled Semper Contimny, 
All} ora, JUinuis 
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Wheeled Scrapers. Wheeled scrapers, Fig. 46, consist of a metal 
box, usually steel, mounted on wheels, and furnished with levers for 
raising, lowering, and dumping. They are operated in the same 



Fig. 46. Typical Wheeled Scraper 
Courtesy Western Wheeled Scraper Company ^ Aurora, Illinois 


manner as drag scrapers, except that all the movements are made 
by means of the levers, and without stopping the team. By their 
use the excessive resistance to traction of the drag scrui)cr is aN’oided. 



Fig. 47 C’oiil I iiclDr's li.M row with I’rc-scd-M 1 1 1 'I'l 
( ourtesy of Acme Road Marlum i y ( innpany, Fninl.jin t , \iii ] ml 


\ arious sizes are made, ranging in eapaeity from 10 to 17 ciihic 
In weight they range from SoO to 700 pounds. 

Wheelbarrows. Wheelbarrows sometimes are c*on.-.t meted of 

wood Pnd prp - -..*1 ... -1 
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capacities range from 2 to 2^ cubic feet. Weight is about 50 pounds. 

The barrow, Fig. 47, has pressed-steel tray, oak frame, and 
steel wheels, and will be found more durable in the maintenance 
department than the all-wood barrow. Capacity is from 3i to 5 
cubic feet, dependent on size of tray. 

The barrow, Fig. 48, is constructed with tubular-iron frames 
and steel tray, and is adaptable to the heaviest work, such as mov- 



Fig. 48. All Steel and Iron Concrete Barrow 
Courtesy of Acme Road Machinery Company, Frankfort, New York 


ing heavy broken stone, etc., or it may be employed with advantage 
in the cleaning department. Capacity from 3 to 4 cubic feet. 
Weight from 70 to 82 pounds. 

The maximum distance to which earth can be moved econom- 
ically in barrows is about 200 feet. The wheeling should be per- 



J'lK Tn pical 1 Carls lor llauliiia I'lMrtli, I'llc 

of WIntltd S(r(ip(‘r Company, Aurora, Illinois 


formed upon idaiiks, whose steei)est iiieliiiation should not ex(*eed 1 
ill 12. The force retpiired to move a barrow on a jilaiik is about 
part of the wciglit; on Iiard dry earth, about iV P^^rt of the weight. 

The time occupied in loading a barrow will vary with the 
character of the material and tlie proportion of wheelers to shovel- 
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with earth as a wheeler takes to wheel a full barrow a distance of 
about 100 or 120 feet on a horizontal plank and return with the 
empty barrow. 



Fig. 50. ilear View of Typical Dump Wagon Showing Bottom Open 
Courtesy of Western, Wheeled Scraper Company^ Aurora, lUitwin 


Carts. The cart usually employed for hauling earth, etc., is 
shown in Fig. 49, The average capacity is 22 cubic feet, and the 
average w’eight is 800 pounds. These carts are furnished usually 



Fig. 51 Twunt\-\ .jid ilunip {. ‘.u 
i ouneby of Western Wheeled SrniiHr Cotnituni/, , !(//<»/, ,, lll,ni>i 

with broad tires, and the body is balanced so that tlu* load is (‘\cnly 
divided about the axle. 

The time required to load a eart vari(‘s with the imiterial. 
One shov'eler will require about as follows: elay, 7 I^i!lute^; hiaiii, 

rmmi+fiQ* oonrl miniTfoc. 
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Dump Wagons. The use of dump wagons. Fig. 50, for moving 
excavated earth, etc., and for transporting materials such as sand, 
gravel, etc., materially shortens the time required for unloading the 
ordinary form of contractor’s wagon; having no reach or pole con- 
necting the rear axle with the center bearing of the front axle, they 
may be cramped short and the load deposited just where required. 
They are operated by the driver, and the capacity ranges from 35 
to 45 cubic feet. 



I'lg 52 '1 vpwul (JrHUci 

Courtesy of Acme Road Marhinrry Company, FraaKfort, New York 


Dump Cars. Dump cars, Fig. 51, are made to dump in several 
dittVrent ways, viz, single or double side, single or double end, and 
rotary or universal dumi)ers. 

Dump cars may be operated singly or in trains, as the magni- 
tud(‘ of the work may demand. They may be moved by horses 
or small locomotives. They are made in various sizes, dei)ending 
upon the gage of the track on which they are run. A common 
gage is 20 inches, but it varies from that up to the standard railroad 
gage of bOJ- inches. 

Mechanical Graders. Mechanical graders are used extensively 
in the making and maintaining of earth roads. They excavate 



Mdiidard Ele\ aiing Ciradei 
IHitt/ffi ^<Taper Company^ Aurora^ lUinotts 
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done by hand; they are called by various names, such as ^"road 
machines’’, '"graders”, "road hones”, etc. 

Simple Gmders. Briefly described, graders consist of a large 
blade. Fig. 52, made entirely of steel, iron, or wood shod with steel, 
which is so arranged by a mechanism attached to the frame from 
which it is suspended that it can be adjusted and fixed in any 
direction by the operator. In their action they combine the work 
of excavating and transporting the earth. They have been 
employed chiefly in the forming and maintenance of earth roads, 
but also may be used advantageously in preparing the subgrade 
surface of roads for the reception of broken stone or other 
improved covering. 

Elevating Graders, Some graders combine the function of 
' elevating the material, of excavating it from side ditches, and 
of loading it automatically into carts or wagons. Briefly described, 
the machine, Fig. 53, consists ol a plow which loosens and raises 
the earth, depositing it upon a transverse carrying belt, which con- 
veys it from excavation to embankment. Carrier frames of two 
or three different lengths are provided with the machine, the distance 
of the end of the elevator from the plow varying from 15 to 30 feet. 
The carrier belt is of heavy 3-ply rubber 3 feet wide. 

Tlie plow and carrier are supported by a strong trussed frame- 
work resting on lieavy steel axles and broad wheels. The large 
rear wheels arc ratcheted upon the axle, and connected with strong 
gearing which ])ropels the carrying belt at right angles to the direc- 
tion in which the machine is moving. 

The whe(‘ls and trusses arc low and l)road, occupying a space 
(S feet wide and 14 feet long, exclusive of the side carrier. Tliis 
enables it to work on hillsides where any wheeled implements can 
he used. Notwithstanding its large size it is so flexible tluit it may 
be turiu‘d around on a lb-foot embankment. Pilot wheels and 
1('V(TS enable tlu' o])erator to raise or lower the plow or carrier at 
])l(‘asnre. 

For inotivi' i)ow'er, 12 horses- <S driven in front, 4 abreast, and 
4 in the rear on a ])nsh cart- are usually employed. 

When the teams are started, the oi)erator lowers the plow and 
throws the belting into gear, and as the ])low raises and turns the 
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which the carrier is adjusted, forming either excavation or embank- 
ment, as the case may be. 

When it becomes necessary to deliver the excavated earth 
beyond the capacity of the machine, the earth is loaded upon wagons. 




5t Two Viuw.s of KIcvuIiuk (Jiudoi^ Lii.ulmK l-.nih mio 1 )umi|> \\ 
CourtcHiJ of Wentcrn Whevhd Snit/nr ('mn pnnij, Ai/rimi, 


then conveyed to any distance. By adjusting the height of tlie 
carrier, the wagons are driven under it. Fig. 54, and loaded with 
1 j to 1^ yards of earth in from 20 to .‘10 seconds. When one wagon 
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machine thus loads 600 to 800 wagons per day. It is claimed that 
wi{h»*si!s "teams and three mendt is capable of excavating and placing 
in eihbaiJnnent from 1,000 to 1,500 cubic yards of earth in 10 hours, 
or^of loading from. 600 to 800 wagons in the same time, and that the 
cost of this handling is from 1^ to 2^ cents per cubic yard. 

Points to he Considered in Selecting a Road Machine, In the 
selection of a road machine the following points should be carefully 
considered: tihoroughness and simplicity of its mechanical construc- 
tion; material and workmanship used in its construction; safety 
to the operator; ease of operation; lightness of draft; and adapta- 
bility to general road vrork, ditching, etc. 

Care of Road Machines. The road machine when not in use 
should be stored in a dry house and thoroughly cleaned, its blade 
brushed clean from all accumulations of mud, wiped thoroughly 
dry, and well covered with grease or crude oil. The axles, journals, 
and wearing parts should be kept well oiled when in use, and an 
extra blade should be kept on hand to avoid stopping the machine 
while the dulled one is being sharpened. 

Surface Graders. The surface grader is used for removing 
earth previously loosened by a plow. It is operated by one horse. 



''riic load may 1)(‘ r(‘taiii(‘d and carriiMl a considerable <listane(‘, or 
it may be spn^ad gradually as the operator desin's. It is also 
em])loyed to le\(‘l oil' aiul trim the siirfaec following th(‘ scrapers. 

The blade is oF st(‘el, inch thick, 15 ineluvs wide, and dO inches 
long, ddie b(‘am and otluT i)arls are of oak and iron. \V(‘ight 
about 00 pounds. 

Road Lnrlvr. The road leveler, Fig. 55, is used for trimming 
and smootliing the surface of earth roads. It is largely (‘inployed in 
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The blade is of steel, |-inch thick by 4 inches by 72 inches, and 
is provided with a seat for the driver. It is operated by a team of 
horses. Weight about 150 pounds. 

Ditching Tools. The tools employed for digging the ditches 
and shaping the bottom to fit the drain tiles are sho^\m in Fig. 56. 
They are convenient to use, and expedite the work by avoiding 
unnecessary excavation. 

The tools are used as follows: Nos. 3, 4, and 5 are used for 
digging the ditches; Nos. 6 and 7 for cleaning and rounding the 



bottom of the ditch for round td<‘; No. 2 is used lor sho\(‘liiig out 
loose earth and leveling the bottom of the ditch; No. 1 is for 
the same purpose when the ditch is intended for “sole” til(‘. 

Sprinkling Wagons. A eonv(‘ni(*nt form of sprinkling wagon 
for suburban streets and country roads is shown in h'ig. 57. '^Idie 
tank is of 12 gage steel and its capacity is 3S0 to GOO gallons. 
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Road Rollers. Horse-Drawn Rollers. There are a number of 
types of horse-drawn rollers on the market, consisting essentially 



i'lg, 67. JSteel 'lank Spnnkling Wagou 
Courtesy oj Acme Road Machinery Company, Frankfort, JNew YorH, 


of a hollow cast-iron cylinder 4 to 5 feet long, 5 to 6 feet in 
diameter, and weighing from 3 to 6 tons. Some forms are 



Fig 58. Ten-Ton Steam-Driven Road Roller 
Courtesy of Charles Longeneckcr *£ Company, New Yoik City 


provided with boxes in which stone or iron may be placed to 
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with water or sand. The use today of small gasoline road rollers 
makes this type less prevalent than formerly. 

Power-Propelled Rollers. The rollers employed for compacting 
the natmal soil and all forms of broken-stone pavements usually 
are of the three-wheel type, operated by steam or gasoline, Fig. 58. 
They generally are arranged to move at two speeds, low and high; 
the low. speed is from 2 to 3 miles per hour and the high speed from 
4 to 5 miles. The low speed is employed for compacting the natural 
soil and the foundation; the high speed is employed for finishing 
the surface. The driving wheels are furnished with lock pins or 
differential gears to permit them to aceommo<late themselves auto- 
matically to the difference in speeds when operating on sharp curves. 
They vary in weight from 10 to 20 tons. 

Scarifiers. The implement used for breaking up a broken- 
stone road preparatory to applying a new surface is called a “.scari- 



Fig 59. Spiiriher, f{»r Quirk himI r.«u»nuijii' il iGii.-urfl Mnniliiii I.'i.i.h 
CourU’ny of (’hiirltn Lani/' rm /,t r ( nm luui'/, \i / } (it/ 

fier”, Fig. 59. It usually coiisi'.ts of i\ c;ist-inui Mock, uciLcliing 
about 3 tons, moimtod on 2 or \ \\1h‘cI'>; tli(‘ block i'. liitcfl wiili ;i 
series of spikes or ])icks, arnuigi'd <‘itlicr in oik* line, or in two linc^ 
forming a V; means are ])r()\ idl'd for adjn-ting tlio depth to which 
the picks penetrate, tin* iruixiimnii depth being about t) im hc'- 
The scarifier is operated by being attached to the rear of a Mi'ani 
roller or traction engine which hauls it o\er the roa<k 

NATURAL»SOIL ROADS 

Earth Roads. ^Ihe term “earth roail” is appli(*d to roads 
where the surface consists of the n,ative sodj thi.s class ol road i'^ tin* 
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most common and cheapest in first cost. At certain seasons of the 
year earth roads, when properly cared for, are second to none, but 
during the spring and wet seasons they are very deficient in the 
important requisite of hardness, and are almost impassable. 

For the construction of new earth roads, all the principles pre- 
viously discussed relating to alignment, grades, drainage, width, etc., 
should be followed carefully. The crown or transverse contour 
should be greater than in stone roads; 12 inches at the center in 25 
feet will be sufficient. 

Drainage is especially important, because the material of the 
road is more susceptible to the action of water, and more easily 
destroyed by it than are the materials used in the construction of the 
better class of roads. When water is allowed to stand upon the 
road, the earth is softened, the wagon wheels penetrate it, and the 
horses’ feet mix and knead it until it becomes impassable mud. The 
action of frost is also apt to be disastrous upon the more permeable 
surface of the earth road, having the effect of swelling and heaving 
the roadway and throwing its surface out of shape. It may in fact 
be said that the whole problem of the improvement and mainte- 
nance of ordinary country roads is one of drainage. 

In the preparation of the wheelway all stumps, brush, vegetable 
matter, rocks, and boulders should be removed from the surface and 
the resulting holes filled in with clean earth, Tlie roadbed, having 
been brought to the required grade and crown, should be thoroughly 
rolled; all iiu‘(|ualities appearing during the rolling should be filled 
up and re-rolled. 

(Uirc of Earth Roa(h\ If the surface of the roadway is prop- 
erly formed and kept smooth, the water will be shed into the side 
ditches and do comparatively little harm; but if it remains upon the 
surface, it will be absorbed and convert the road into mud. All 
ruts and depressions should be filled up as soon as they appear. 
l\ei)airs should be attended to particularly in the s})ring. At that 
season the judicious use of a road machine and rollers will make a 
smooth road. In summer when the surface g(‘ts rough it can be 
improxed by running a harrow oxer it; if the surface is a little muddy 
this treatment xxill hasten the drying. 

During the fall the surface should be repaired, xvith special 
reference to nuttinL>- it ill sliaue to withstand the rax aa’cs of winter. 
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Saucer-like depressions ajid ruts should be filled up with clean earth 
Rimilflr to that of the roadbed and tamped into place. 

The side ditches should be examined in the fall to see that they 
are free from dead weeds and grass, and late in winter they should 
be examined again to see that they are not clogged. The mouths 
of culverts should be cleaned of rubbish and the outlet of tile drains 
opened. Attention to the side ditches will prevent overflow and 
washing of the roadway, and also will prevent the formation of 
ponds at the roadside and the consequent saturation of the roadbed. 

Holes and ruts should not be filled with stone, bricks, gravel, 
or other material harder, than the earth of the roadway as the hard 
material will not wear uniformly with the rest of the road, but 
produce bumps and ridges, and usually result in making two holes, 
each larger than the original one. It is bad practice to cut a gutter 



Fik b(> tSii'fi Drjiy 

Courteay <if Whnlnl S<iiiinr (' iinijHiny, \uiiint, Illnnni 


from a hole to drain it to the side of the road. Mlliiifj; the projx'r 
course, whether the hole is dry or contains niu<l. 

The maintaining of smooth surfaces on all classes of earth roads 
will be assisted and chea})ened gr(‘atl\ liy tin* fn'fnuait u-.(‘ of a 
roller (either steam or horse) and any on(‘ of the \ariou^ fornix of 
road grading and scra])ing machines. In repairing an (‘arth road 
the plow should not be used. It brt'aks up th(‘ surfac(‘ which has 
been compacted by time and tra\el. 

In the maintenance ot earth roads the road drag, hig. hO, or 
some similar device, is indispensable. The drag should bt‘ light 
and should lie hauled along the roa<l at an angle of about -h") d(‘gr(‘(‘s, 
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road. The driver should ride on the drag and not drive faster 
than a walk. Dragging should begin on the side of the road, or 
wheel track, and return on the opposite side. Unless the road is 
in good condition, it should be dragged after every heavy rain. 

In the maintenance of clay roads neither sods nor turf should 
be used to fill holes or ruts; for, though at first deceptively tough, 
they soon decay and form the softest mud. Neither should the ruts 
be filled with field stones; they will not wear uniformly with the 
rest of the road, but will produce hard ridges. 

Trees and close hedges should not be allowed within 200 feet 
of a clay road. It requires all the sun and wind possible to keep its 
surface in a dry and hard condition. 

Sand Roads. The aim in the improvement of sand roads is to 
have the wheelway as narrow and well defined as possible, so as to 
have all vehicles run in the same track. An abundant growth 
of vegetation should be encouraged on each side of the wheelway, 
for by this means the shearing of the sand is, in a great measure, 
avoided. Ditching beyond a slight depth to carry away the rain 
water is not desirable, for it tends to hasten the drying of the sands, 
which is to be avoided. Where possible the roads should be over- 
hung with trees, the leaves and twigs of which, catching on the 
wheel way, will serve still further to diminish the effect of the wheels 
in moving the sands about. If clay can be obtained, a coating G 
inches thick will be found a most efficient and economical improve- 
ment. A coating of 4 inches of loose straw will, after a few days’ 
travel, grind into the sand and become as hard and firm as a dry 
clay road. 

Sand=Clay Roads. A sand-clay road is formed by mixing 
clay and sand in such proportions that the clay will just fill tlie 
voids in the sand, and produce a mixture that is neitlier sticky nor 
friable, but coheres in a comparatively dry plastic mass when coin- 
l)acted with pressure. If an insufficient amount of clay is used, 
the mixture will not bind; if an excess of clay is used, the road will 
be sticky and muddy after a fall of rain. 

The grains of sand furnish the hard material to resist the 
abrasion of the traffic; the clay provides the cenientiug or binding 
medium to hold the sand together. All clays are not equally satis- 
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test for clay suitable for road purposes is to apply a wet finger 
to a piece of clay; if the clay adheres to the finger, it may be assumed 
reasonably that it will adhere to the sand. 

The natural sand soils and the naturel clay soils are improved 
by the application of the sand-clay mixture, the method of applying 
it being varied according to which kind of soil is to be treated. 

Applying Sand-Clay Mixture to Clay Soil. In the treatment 
of a clay soil, the soil is plowed to a depth of 6 to 8 inches; then 
pulverized by harrowing, and, if necessary, by rolling with a light 
roller and again harrowing. After the clay is thoroughly pulverized, 
the sand is spread over the surface in a layer from 6 to 8 inches 
thick, and the sand and clay are thoroughly mixed by continued 
harrowing. After the dry mixing has been accomplished satis- 
factorily, the surface is moistened slightly by sprinkling with water, 
then compacted by rolling, after which a road machine or grader 
n^ipd to give the required crown; and then the roller is again applied 

the surface becomes smooth and-hard. 

Applymg Sand-Clay Mixture to Sand Soil. In the trcatnuuit 
of a sand soil, the clay is spread over the surface in a Iay(T, ranging 
from 4 to 8 inches thick; then mixed with the sand l)y harrowing. 
After that it is sprinkled heavily with water and again workc^l 
with the harrow; then it is shaped and r()llt‘d in the sanu* niann(*r 
as stated above for a clay soil. 

The sand-clay roads recpiin* eon^iderahh* at t(‘iitioii, aft or 
completion, to eliminate weak or defecti\(‘ spots l)\ applxiiuj; ^aIl(l 
or clay, as may be recpiired. 

Application of Oil to Sand and Gravel Soils. Sand and gra\el 
soils are improved by the a])plieation of (tu( 1(‘ |)(‘t roleiiin or asphal- 
tic oils. The oil abates dust ; forms a non-absorbent .siirfac(‘ w liich 
turns off rain water and deereas(‘s tlu* amount of mud ; and furnisln^s 
a dark-colored road surface vhicli is mort‘ ])lca.>ing to tin* (“\(‘ tlian 
the ordinary light color. 

1 he roadbed is prc'pared to rec(‘iv(‘ tli<‘ oil by grading, ^haj)ing, 
and rolling. The oil is applied to the ])r(‘j)ar(‘d Mirfaci* by sprinkling 
from tank wagons; the oil coat is co\(‘red with a thin lawT of sand, 
after which the roller is a])plied again. If during tlu? rolling the 
surface becomes sticky, or dry and dusty, dry sand or more oil is 
added as required. 
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ROADS WITH SPECIAL COVERINGS 

Elements of a Road Covering. The wheelways of roads and 
streets are prepared for traffic by placing upon the natural soil a 
covering of some suitable material which will furnish a comparatively 
smooth surface on which the resistance to traction will be reduced 
to the least possible amount, and over which all classes of vehicles 
may pass with safety and expedition at all seasons of the year. 
The covering usually consists of two parts: a foundation, and a 
wearing surface. 

The functions of the foundation are as follows: (1) to protect 
the soil from disturbance and the injurious effects of surface water; 

(2) to transmit to and distribute over a sufficiently large area of 
the soil the weight of the loads imposed upon the wearing coat; 

(3) to support unyieldingly the wearing surface and the loads coming 
upon it. 

The efficiency of the wearing surface depends entirely upon 
the quality of the foundation. If the foundation be weak, the 
wearing surface will be disrupted speedily, no matter how well 
constructed. 


FOUNDATIONS 

Materials. The foundation, when once constructed, should 
not require to be disturbed nor reconstructed. Tlie materials 
employed in its construction may be the (*heai)est available, such 
as local rock, gravel, sand, furnace slag, etc., the important point 
in the design being to provide sufficient thickness, so that when 
consolidated it will maintain its form under the hea\iest traffic 
liable to come upon it. If the foundation and tli(‘ co\(‘ring yield 
under the load, an upheaval is caused that (iisru[)ts the bond and 
hastens tlie <l(‘struction of the road. 

Thickness, ddu* thickness of the foundation <lei)cnds uj)on 
the supporting ])ower of the natural soil and the weight of the loads 
coming upon the wearing surface. Tlu‘ sui)]>orting or bearing 
power of the soil can be ascertained by dirc'ct test, and the weight 
of the loads by a survew of the traffic i)lus a ])rovision for future 
increase. 

Recent tests indicate that non-porous soils from which the 
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condition a load of about 4 pounds per square inch; and that if 
the thickness of the foundation be adjusted to the traffic on this 
basis it will be safe at all seasons of the year. 

Methods of Calculating Thickness of Covering. There are two 
theories as to the manner in which pressure of a loaded wheel is 
transmitted from the surface of the covering to the natural soil: 
(1) that the pressure on the soil varies inversely as the cube of the 
thickness of the foundation and the wearing surface; (2) that the 
pressure is transmitted downwards in the form of a truncated cone, 
the lines of which diverge at an angle varying from 30 to 50 degrees 
from the vertical, according to the solidity of the co\'ering. If 
the surface of the road is uneven or obstructed by loose stones, 
the lines of pressure are more concentrated when the wheels pass 
over such obstacles. 

The latter theory is the one most frequently applied. The 
calculation is performed as follows: Let P be distributed i)ressure 
on the soil,’ per square inch; A, length of arc of wheel tire in contact 
with surface in square inches; W, width of tire in inches; L, load 
carried by wheel in pounds; F, depth of wearing surface and foun- 
dation in inches; C, area of contac*! equal to -IXH'; and B, area 
of base at surface of natural soil. Th.e area of the base is 


B = {2F+A) 

The distributed pressure is 

r= =. 

{'it'+A) (‘jy'-f-icj a 

Assuming that the load is 1,000 jxMinds i)er inch of lin^ vidtli; i1h‘ 
tire, 3 inches; length of contact 3 iiich(‘s; total tliickiu'ss of tli<‘ 
wearing coat and the foundation 12 incli(‘s; tlie pnvsMin* on the 
soil is 

looox:; 3000 _ noon 

~ ^ ’ 2 !) ' 

of the co\ \ ari(‘S 


P = - 


1. 10 11). jxT in. 


(2x12+3) (2X12+3) 27X27 

According to this theory tli(‘ tliieknc' 
from 4 to 10 inches, tlu‘ snialh'st thu'kiavss Ixang placed upon gra\'e) 
or sand and the greatest upon clay. 

Preparation of Foundation. d1i(‘ ])r(‘paration of the foundation 
involves two distinct operations: fl) ])r(‘paration of the natural 
soil; and (2) placing an artificial loundatiou u|)on the nn'pared 

natiirjil <<f>il 
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The essentials necessary to the preparation of the natural 
soil are: (1) the entire removal of perishable vegetable and yielding 
matter; (2) the drainage of the soil where necessary; (3) the improv- 
ing of the bearing power of the soil where required; and (4) compact- 
ing the soil: 

All soils are improved by rolling, and weak spots, which other- 
wise would pass unnoticed, are discovered. However, care must 
be taken that the weight of the roller employed is not too great for 
the bearing power of the soil; if it exceed this the surface of the soil 
will be formed into a series of undulations that will cause the wear- 
ing coat to fail; the same condition may be produced by excessive 
rolling with a comparatively light roller. Each soil requires different 
treatment. 

Soils of a siliceous and calcareous nature may be improved by 
drainage and the addition of a layer of clay 2 to 6 inches thick, 
niixed with the soil and compacted by rolling. The argillaceous 
and allied soils, owing to their retentive nature, are very unstable 
under the action of water and frost, and in their natural condition 
afford a defective foundation. They are improved by thorough 
drainage and the admixture of sand well rolled, together with the 
placing upon the surface of the compacted soil a layer 2 to 6 inches 
tliick of sand, slag, cinders, or other material of a similar nature, 
and then compacting it by sprinkling with water and rolling. 

Types of Foundation to Be Used. The essential requisite in the 
construction of the artificial foundation is that it be a dense mass, 
and the type of foundation to be employed varies with the char- 
acter of the wearing surface. For the various types of broken- 
stone surfaces, the foundation may be composed of blocks of stone 
(ledge rock or fieldstones) , roughly shaped to a rectangular form, 
ranging in width and depth from 0 to 8 inches and in length from 
() to 1 () inches. Tlu‘y are set by hand on the soil bed with the length 
at right angles to tlie axis of the roadway, so arranged that they 
break joints. The (‘dges that project above the subgrade level are 
broken ott‘ with band hanuners, and the spaces between them are 
filled with chips of stone well packed and wedged in. The blocks 
are brought then to a firm bearing by rolling with a steam roller, 
after which the wearing surface is laid. The foundation also may 
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the voids will be reduced to the smallest possible amount. The 
voids may be filled with stone dust; a mixture of sand and clay; a 
mortar and grout composed of hydraulic cement and sand; bitu- 
minous cement; or hydraulic-cement concrete, mixed and placed 
upon the soil bed. 

WEARING SURFACES 

Functions of Wearing Surface. The oflSce of the wearing sur- 
face is to protect the foundation from the wear of the traflSc and the 
effects of surface" water, and to support the weight of the traffic and 
transmit it to the foundation. To render efficient service to the 
.traffic, it must furnish a comparatively smooth unyielding surface 
that affords good foothold for draft animals and good adhesion for 
motor vehicles, and on which the resistance to traction will be a 
minimum. To fill its office satisfactorily the material of which it is 
composed must possess strength to resist crushing and abrasion, 
and its fabric must be practically impervious. To render economical 
service, it must possess the power of resisting the a(*tion of the 
destroying agencies for a reasonable length of time before it beconu^s 
unfit for use. For this purpose it must possess the resisting ({iiali- 
ties previously stated, and it must also possess a ccTtain thickn(‘s.s; 
this thickness will depend uixm the charact(‘r of th(‘ inattTial 
employed and its rate of wear under the gi\ (m traffic and at niospluTic 
conditions. Economy is not proiriot(‘d by using a thick \\(‘aring 
surface, as under heavy traffic it will be so worn in a f(‘W y(‘ars as to 
be unserviceable, and under light traffic it will 1)(‘ (h^conipoMwl Ix'fore 
it is worn out. In either case it must lx* n^mosed and th(‘ jjortion 
so removed is waste; therefore, only such thickiu'ss will ^i\(‘ 
efficient service during a few years should lx* adopted. 

Thickness. The measure for the (‘conomical thickness of an\ 
type of wearing surface is that the animal intiTe^t cliarge on tin* 
first cost ])his the annual d('j)rcciation shall lx* a inininnini. To 
apply this measure* it is necessar\ to know the* anioiinl of Iraliir and 
the loss of thickness due to W'(‘ar. 

Classification of Wearing Surfaces. Tin* w(‘aring ^nrfact*^ 
most commonly (‘niploy(‘(l lor roads and str(*(‘t^ an* <•oInpo'^(‘d ot : 
(1) gra\'el, broken stone, furnace* slag, and .similar granular material 
heiimd with e*olloidal e*eme*nt foriiK'd b\ the* action of wat(*r on the* 
plastic elements eif re)e*k unel e*lay; { 2 ) broken steuie, gra\e‘l, and sane! 
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bound with: (a) bituminous cement; (b) hydraulic cement; (3) stone 
blocks; (4) brick; (5) wood blocks. 

In type (1), a certain amount of moisture is essential to success- 
ful binding. When this is lacking, as in the summer season, the 
binding material becomes dry and brittle, and the fragments at the 
surface are displaced by the action of the traffic; an excess of mois- 
ture destroys the binding power; and the surface is quickly broken 
up by the traffic. 

Wearing surfaces of type (2a) are usually limited in life not 
merely by the wear of traffic, but by the fact that all bitumens slowly 
alter in chemical composition when exposed to atmospheric action, 
and in time become brittle. Type (2b) is subject to cracking under 
expansion and contracting, due to changes of temperature, and is 
liable to wear unevenly owing to irregularity in mixing and the segre- 
gation of the ingredients while the concrete is being put in place. 
When a defective spot begins to wear, it extends very rapidly under 
the abrasive action of the traffic. 

The materials of types (3) and (4) seldom rot or disintegrate 
and, when the pavement is well constructed, are eminently enduring 
and generally render satisfactory service. Since the use of creosote 
and other preservatives has increased the service life of wood blocks, 
type (5), by lessening their tendency to decay, they have come into 
extensive use for street paving. 

Gravel Roads 

Gravel. Gravel consists of smooth and somewhat rounded 
stones, varying in size from small grains to ])el)bl('s 4 or more inelit's 
in diameter. It is found mixed with sand, on tin' l)anks and in the 
beds of rivers; and in deposits on the land, mi\(‘d with clay and otlu'r 
iniiK'ral snbstaiurs, such as limestone and oxide of iron, from wliieh 
it derives a distinctive 7iame. Gravel of the latt(‘r class is called 
(‘ementatious and when suitably ])rej)ared cements together, forming 
a v(‘ry satisfactory roadway for light traffic, ])r()ducing but little 
(lust in dry wiaitln^r and costing litth' to maintain. 

Preparation of Gravel. (Iravel is best ])repared for use by 
screening into three grades: grade (1), containing the stones retained 
by a l.^-inch mesh screen and passing a 2^-in(*h mesh; grade (2), 

4 - j u., . i k .. i i , k 
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the voids will be reduced to the smallest possible amount. The 
voids may be filled with stone dust; a mixture of sand and clay; a 
mortar and grout composed of hydraulic cement and sand; bitu- 
minous cement; or hydraulic-cement concrete, mixed and placed 
upon the soil bed- 

WEARINQ SURFACES 

Functions of Wearing Surface. The office of the wearing sur- 
face is to protect the foundation from the wear of the traffic and the 
effects of surface water, and to support the weight of the traffic and 
transmit it to the foundation. To render efficient service to the 
traffic, it must furnish a comparatively smooth unyielding surface 
that affords good foothold for draft animals and good adhesion for 
motor vehicles, and on which the resistance to traction will be a 
minimum. To fill its office satisfactorily the material of which it is 
composed must possess strength to resist crushing and abrasion, 
and its fabric must be practically impervious. To render e(*()noinical 
service, it must possess the power of resisting the action of the 
destroying agencies for a reasonable length of time before it b(*coin(‘s 
unfit for use. For this purpose it must possess the resisting (luali- 
ties previously stated, and it must also possess a c(Tt{nn thickn(‘s>; 
this thickness will depend upon th(‘ characttT of th(‘ mat(Ti{»l 
employed and its rate of wear under the gi\ (‘ii traffic and at In<^^phc^i(■ 
conditions. Economy is not ])r()mot(‘d by using a thick wearing 
surface, as under heavy traffic it will lx* so worn in a few \car'. as to 
be nnserviceai)le, and under light trafhc it will lx* <lccoin|)OMMl la'forc 
it is W’orii out. In either case it must 1)(‘ rcino\t‘<l and the jxirtion 
so removed is waste; therefore, only such thickness as will gi\c 
efficient service <luring a few y(‘ars should he ado|)te(l. 

Thickness, dlie measiin* for tlx* (‘cononiical thickness of an\ 
type of wearing surface is tliat the animal intcrc-t charge on tlx* 
first cost ])lns tlx* annual depreciation shall lx* a inimnmm. d'o 
a])i)ly this nu'asurc' it is iu‘cessar\ to know the ainoiint of traffic and 
the 1( )ss of tlii(*kn(‘ss due to w<‘ar. 

Classification of Wearing Surfaces, d'lx* w(‘aring ''iirfaccs 
most commonly (‘inplouxl for roads and stnM'is arc conij)osr(l of. 
(1) gravel, broken stoix*, fiirnac(‘ slag, and similar granular materials 
bound with colloidal cement fornxxl 1)\ th(‘ action of water on tlx* 
plastic elements of rix-k and clay; broken stone, gra\t‘l, and .sand 



HIGHWAY CONSTRUCTION 


83 


bound with: (a) bituminous cement; (b) hydraulic cement; (3) stone 
blocks; (4) brick; (5) wood blocks. 

In type (1), a certain amount of moisture is essential to success- 
ful binding. When this is lacking, as in the summer season, the 
binding material becomes dry and brittle, and the fragments at the 
surface are displaced by the action of the traflSc; an excess of mois- 
ture destroys the binding power; and the surface is quickly broken 
up by the trajBBc. 

Wearing surfaces of type (2a) are usually limited in life not 
merely by the wear of traffic, but by the fact that all bitumens slowly 
alter in chemical composition when exposed to atmospheric action, 
and in time become brittle. Type (2b) is subject to cracking under 
expansion and contracting, due to changes of temperature, and is 
liable to wear unevenly owing to irregularity in mixing and the segre- 
gation of the ingredients while the concrete is being put in place. 
When a defective spot begins to wear, it extends very rapidly under 
the abrasive action of the traffic. 

The materials of types (3) and (4) seldom rot or disintegrate 
and, when the pavement is well constructed, are eminently enduring 
and generally render satisfactory service. Since the use of creosote 
and other preservatives has increased the service life of wood blocks, 
type (5), by lessening their tendency to decay, they have come into 
extensive use for street paving. 

Gravel Roads 

Gravel. Gravel consists of smooth and somewhat rounded 
stones, varying in size from small grains to pebbles 4 or more inches 
in diameter. It is found mixed with sand, on the banks and in tlie 
beds of rivers; and in deposits on the land, nii\(‘d with clay and other 
iniiKTal substances, such as limestone and oxide of iron, from which 
it derives a distin(*tive name. Gravel of the latter class is called 
(‘einciitatious and when suitably ])re])ared cements together, forming 
a V(‘ry satisfactory roadway for light traffic, })roduciiig but little 
dust in dry weather and (‘osting little to maintain. 

Preparation of Gravel. Gravel is best ])rej)ared for use by 
screening into three grades: grade (1), containing the stones retained 
by a IJ-inch mesh screen and passing a 2^-inch mesh; grade (2), 
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mesh; grade (3), containing all the material passing the J-inch 
mesh. The voids in grade (1) are determined, and enough of grade 
(3) added slightly more than to fill them; the two are intimately 
and evenly mixed and the mixture is used for the first or lower 
course. The voids in grade (2) are determined and a sufficient 
quantity of grade (3) added to fill them; the two are mixed and used 
for the top course. The mixture should be combined very evenly 
so that the fine material is mixed uniformly with the coarse; and in 
spreading' the mixture, care should be taken to avoid separating it 
or allowing the fine material to settle to the bottom. 

If the gravel is deficient in binding material, the latter may be 
added in the form of clay, loam, limestone screenings, shale, or marl, 
the amount added ranging from 10 to 15 per cent. An excess (20 
per cent) of clay causes the gravel to pack quickly and to present a 
good appearance under the rolling; but in dry weather the road will 
ravel, become defective and dusty, and in wet weather it w'ill be 
muddy. Clean smooth gravel will not consolidate without a binder 
and. unless this is of very good quality, a road made w’ith it will 
-.nsatisfactory. 

...aying the Gravel. On the natural-soil l)ed properly graded 
and compacted, the prepared gravel is spread unifonnly to the 
depth desired — usually 6 inches. Then it is compacted by rolling 
with a steam roller, after which it is moistened by s|>rinkling with 
water, and the rolling is repeated. The sprinkling and rolling an‘ 
repeated as often as may be required, until th(‘ stones (‘(‘ast^ to ris(‘ 
or creep in front of the roller. The second course^ then is spn^ad to 
a depth of about 4 inches, rolled, sprinkl(‘d, and again rolled in th(‘ 
same manner and to the same extent as tlu‘ first cours(‘. After this, 
a thin coat of the fine screenings is spread over tin* surrae(‘ and the 
traffic is admitted. 

If, during the rolling, the first eoiirs{‘ ai)pears to bt* d(‘fiei<‘nt in 
binding material, more may be a<ld(‘d by spreading a thin la\(‘r of 
the fine material over the surface of tli(‘ eours(‘, s|)rinkling and 
rolling, as above described. 

If, during the rolling of the top eonrs(‘, an\ stoiK*s larger than 
1^ inches appear, they must be removed. 

Gravel shrinks in rolling about 20 per cent of its loose d(‘pth; 
therefore, to obtain a thickness of 8 inelies wluni compact(‘d, the 
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loose material should have a depth of about 10 inches. The thick- 
ness of the gravel coating varies according to the nature of the 
roadbed; a thicker layer being necessary on impermeable soil than 
on a well-drained soil. 

The pebbles in a gravel road are imbedded in a paste and can be 
displaced easily. It is for this reason, among others, that such 
roads are subject to internal destruction. 

The binding power of clay depends in a large measure upon 
the state of the weather. During rainy periods a gravel road 
becomes soft and muddy, while in very dry weather the clay will 
contract and crack, thus releasing the pebbles, and causing a loose 
surface? The most favorable conditions are obtained in moderately 
damp or dry weather, during which a gravel road offers several 
advantages for light traffic, the character of the drainage, etc., 
largely determining durability, cost, maintenance, etc. 

Repair. Gravel roads constructed as above described will need 
only small repairs for some years, but daily attention is required in 
making these. A garden rake should be kept at hand to draw any 
loose gravel into the wheel tracks, and for filling any depressions 
that may occur. 

In making repairs, it is best to apply a small quantity of gravel 
at a time, unless it is a spot which actually has cut through. Two 
inches of gravel at once is more profitable than a larger amount. 
Where a thick coating is applied at once it does not all i)ack, and if, 
after tlie surface is solid, a cut be made, loose gravel will be found; 
this holds water and makes the road heave and become spouty 
under the action of frost. It will cost no more to aj)j)ly (i inches of 
gravel at three (lifferent times than to do it at once. 

At every J mile a few cubic yards of gravel should be stored to 
be used in filling depressions and ruts as fast as they appear, and 
there should be at least one laborer to every 5 miles of road. 

Broken-Stone Roads 

Methods of Construction. Hroken-stone roads are formed in 
several different ways. For example, the road may be formed l)y 
placing one or two layers of stone brokcMi into small fragments 
upon: (1) the natural soil; (2) a foundation composed of large stone 
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concrete. The layers of broken stone are compacted by rolling 
with a heavy roller and the interstices, or spaces between the stones 
are filled with a binder composed either of stone dust; stone 
dust and clay; a grout of hydraulic or Portland cement; or a bitu- 
minous cement derived from either coal tar or asphalt, and used 
alone or mixed with sand. The broken stone forming the lower 
surface layer often is coated with a bituminous cement before placing 
it upon the foundation. This applies particularly when the upper 
layer is of bituminous cement. The broken stone also may be 
mixed with Portland cement and sand, forming a concrete, which 
is placed either upon the prepared natural soil or upon a concrete 
or broken-stone foundation. 

The several methods for constructing broken-stone roads are 
distinguished by either a specific name or the name of the introducer. 
Thus, the types known as Telford and Macadam are named 
from Thomas Telford and John L. McAdam, Scottish engineers, 
who introduced them in England during the early part of the 19th 
Century, as an improvement of the method employed in the 18th 
Century by M. Tresaguet on the roads of France. Telford used a 
base of large stones, Fig. 61, upon which the small stone was placed. 
McAdam omitted the base contending that it was useless and 
injurious. Both constructors insisted on thorough drainage of the 
subsoil, but neither used a binder and rolling was unknown. The 
stones were left to be compacted by the trafiic. The introduction of 
stone-crushing machinery and rollers as well as the practice (con- 
demned by McAdam, but advocated by Mr. Edgeworth, an Irish 
landowner ill his treatise on Road Building published in 1817) of filling 
the voids with a binder has caused material departures from the 
methods of the pioneers whose names are still but improperly applied. 

d'lie ceiiKMit grouting was introduced in England by Sir John 
Macneil. The coating of the stone with coal tar was first prac- 
ticed in England about 1840, and W'as called “tar-macadam”. In 
recent times, to distinguish the several varieties of bituminous con- 
struction, several specific terms have been coined, as “bitulithic”, 
“tarmac”, “warrenite”, “bituminous macadam”, “asphalt macadam”, 
etc. Since the use of bituminous binding has become extensive, the 
term “water-bound macadam” has come into use, to distinguish the 
earlier macadam tvne from the types recently introduced. 
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Quality of Stones. The materials used for broken-stone pave- 
ments of necessity must vary very much according to the locality. 
Owing to the cost of haulage, local stone generally must be used, 
especially if the traffic be only moderate. If, however, the traffic is 
heavy, it sometimes will be found better and more economical to 
obtain a superior material, even at a higher cost, than the local 
^tone; and in cases where the traffic is very great, the best material 
that can be obtained is the most economical. 

There ^e a number of qualities required in a stone to render 
efficient service. Hardness and toughness, to resist the effects of 
abrasion and impact. These two properties, while closely related, 
not always coincident; some rocks, although extremely hard, yet 
are so brittle that they crush easily under impact. In others the 
cohesion between the component particles is so weak that they are 
worn quickly by abrasion. DuraMlity, or power to resist the disin- 
tegrating influences of the weather and humus acids. The quality 
of durability depends chiefly upon the chemical stability of the 
minerals present. Physical defects and abrasion generally cause 
the destruction of the stone long before it is injured by cluunic'al 
changes. Capability of binding into a comi)act mass, ''bliis (juality 
is essential to stone used for water-bound macadam. ''rii(‘ binding 
or cementing property is possessed to a greater or It‘ss cxt(‘nt })y all 
rocks when in a state of disintegration. It is cans(‘d by th(‘ action 
of water upon the chemical constituents of the stone contained in 
the detritus — material worn ofl’ — ])ro(luc(‘d l)y cm.shing tin* .s1on(‘, 
and by the friction of the fragments on each oth(*r uhih* being com- 
pacted; its strength varies with the dificrent sj)(‘ci(‘^ of rock, l)nt it 
exists in some measure with them all, I)eing gr(‘at(‘st uitli limestone 
and least with gneiss. 

^he essential condition of the stone to |>rodiic(‘ tlii'^ binding 
effect is that it l)e sound. No dcca\(‘(l stone n‘tains tin* property of 
binding, though in some tew cas(‘s, v1kt(‘ tlu* material contains iron 
oxides, it may, by the cementing ])ro])(‘rty of tli<‘ oxide, nmlergo a 
certain amount of binding. 

A stone of good binding nature frccpamtly will w(‘ar much 
better than one without, although it is not so hard. A liiiH'stone 
road W'ell made and of good cross section will bt‘ more imp(T\ious 
than any other, owing to this cause, and will not disiiitegrat(‘ so 
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soon in dry weather, owing partly to this and partly to the well- 
known quality which all limestone has of absorbing moisture from 
the atmosphere. Mere hardness without toughness is not of much 
use, as a stone may be very hard but so brittle as to be crushed to 
powder under a heavy load, while a stone not so hard but having a 
greater degree of toughness will be iminjured. 

A stone for a road surface should be as little absorptive of 
moisture as possible in order that it may not suffer injury from the 
action of frost. Many limestones are objectionable on this account. 

The stone used should be uniform in quality, otherwise it will 
wear unevenly, and depressions will appear where the softer material 
has been used. As the under parts of the road covering are not 
subject to the wear of traffic, and have only the weight of loads to 
sustain, it is not necessary that the stone of the lower layer be so 
hard or so tough as the stone for the surface, hence it is frequently 
possible by using an inferior stone for that portion of the work, to 
reduce greatly the cost of construction. 

Testing the Rock. In order to ascertain the probable resist- 
ance of the different rocks to the destructive action of the traffic and 
w’eather, tests are made in the laboratory to determine the resistance 
to impact and abrasion, absorptive capacity, hardness, toughness, 
and specific gravity. 

Abrasion, The test for abrasion is conducted in the Deval type 
of machine. It consists of tw^o or more cast-iron cylinders mounted 
on a shaft so that the axis of each cylinder is inclined an angle of 30 
degrees from the axis of rotation. The cylinders are cliarged with 
11 pounds of the rock broken into fragments, ranging from 1} to 27^ 
inches. The c;\lin(lers are then rotated at a uniform speed of 2, ()()() 
revolutions per hour for five hours, or until the automatic recorder 
shows 1 (),()()() revolutions; the charge then is removed and placed 
on a sieve having meshes of inch. The material retained on tlie 
sieve is washed, dried, and weighed. The difference in weiglit 
between the weight of the charge and the residue larger than xo" inch 
shows the loss by abrasion. 

Impart and Toughness. The test for impact and toughness is 
made in a machine, consisting of an anvil, plunger, and hammer, 
mounted in vertical guides. The test piece is placed on the anvil; 
the hammer w^eighing 4.40 pounds is raised and allowed to fall a 
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distance of one centimeter for the first blow and an increased fall of 
one centimeter for each succeeding blow, until the test piece fails. 
The number of blows required to destroy it is used to represent the 
toughness; 13 blows is considered to indicate low resistance, 13 to 
19 medium, and above 19 high. 

Hardness. The test for hardness is made on a Dory machine, 
which consists of a steel disk mounted so as to be revolved. The 
test pieces are cylinders cut from the rock by a core drill, and the 
ends ground level. Two pieces are used for a test; each is weighed, 
then placed in the guides of the machine with its face resting upon 
the grinding disk. The machine is revolved until 1000' revolutions 
jhfive been made, and during the operation, quartz sand is fed onto 
the disk. The test piece is removed and weighed, and the hardness 
is determined from the formula 

ir 

Hardness =20 — — 

6 

in which W is loss in grams per 1000 revolutions. Hocks having a 
hardness less than 14 are considered soft; from 14 to 17 medium; 
and over 17 hard. 

Water Absorption. The capacity of the stone to ahsorh water 
is determined by using a thoroughly dry sample of stoiu^ v(‘ighiiig 
about 12 grams. The sample is weighed in air, tluMi irnni(‘rs(‘(l in 
water where it is weighed immediately; after 90 hours’ iininersion it 
is weighed again in the w^ater. Tlie absorptive capac*it\' then is 
calculated by the formula 

C— B 

Lb. water absorhe(l = ~j — X()2..‘]7 ])er cii. ft. of rock 

JL 1 iJ 

in wLich A is the weight in air; B is th(‘ v(‘ight in watfT iiunuMliately 
after immersion; T is the weight in watiT after inini(‘r-.ion for 90 
hours; and 02.37 is the normal weight in pounds of a cubic foot of 
w^ater. 

Ihe durability of a stone used for roads is all’(‘cted to a certain 
extent by its capability of absorbing water. In cold (*liiuat(‘s a low 
absorptive capacity is essential to resist the disintegrating eilVets 
of alternate freezing and thawing. 

Svecific Gravity. The snecifie prjivitv i< d<*t#‘rnn‘Twwl lix- 
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weighing in a specific gravity balance or by weighing in air and 
water, and applying the formula 

Specific gravity , 

in which W is the weight in air, and is the weight in water. 

Specific gravity and porosity are closely related. The specific 
gravity varies with the density or compactness of the aggregation of 
the mineral grains forming the stone. The closer the grains the more 
compact the stone, and the less will be the amount of interstitial 
space and hence. the less the porosity. 

From the specific gravity the weight per ton or per cubic yard 
may be determined. A knowledge of the weight is useful in decid- 
ing between two otherwise good stones; the heavier will be the more 
expensive, due to increased cost of transportation. On a water- 
bound macadam road it is an advantage to have a detritus with a 
high specific gravity, as it will not be moved so easily by rain and 
wind as one of low specific gravity. 

Cementing Quality. The cementing quality of the stone dust is 
determined by placing 500 grams of the rock, broken to pass a ^-inch 
mesh screen, in a ball mill, together with 90 cubic centimeters of 
water and 2 steel balls weighing 20 pounds. The mill and its charge 
are revolved for 2\ hours at a rate of 2000 revolutions per hour. 
The operation produces a stiff dough, of which 25 grams are placed 
in a metal die 25 millimeters in diameter, and subjected to a pressure 
of 132 kilograms per square centimeter, producing a cylindrical test 
piece. The test i)iece is dried in the air for 20 hours, after which it 
is heated in a hot-air oven for 4 hours at a tcunjieratiire of 200° 
Fahrenheit and then cooled in a desiccator for 20 minutes. When 
cool it is tested in tlie impact testing machine in the same manner 
as the test for tougliness, using a hammer weighing I kilogram and 
a fixed height of fall of 1 centimeter. Blows are struck until the 
test ])iece fails. The average of the iiumhcr of blows on 5 test 
j)ieces is taken as the result of the test. A result of 10 is considered 
to indicate a low cementing ([uality; 10 to 25 is considered fair; 20 
to 75 good; 70 to 100 very good; over 100 (‘xccllcnt. 

Species of Stone, ddic rocks most extensively used for broken- 
stone roads are trap, granite, limestone, sandston(‘, bould(TS, or held- 
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of the stone under the roller, the depth of the courses of loose stone 
should exceed the finished depth by from 25 to 30 per cent. 

The stone is hauled upon the roadbed in vehicles of various 
types provided with broad-tired wheels. In some types of vehicle 
it is spread in layers as the vehicle is drawn along the roadbed; with 
others it is dumped in heaps and spread by hand with forks and 
brought to an even surface by raking, Fig. 62. 

Compacting the Broken Stone. The stone is compacted by 
rolling with heavy rollers drawn by horses or propelled by steam or 
other power, Fig. 63. The steam roller is more effective than horse- 
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(Iniwii rollers. The usual weights of steam rollers are 5, 10, and lo 
tons; the lO-ton being the one generally used, although the weiglit 
of the roller should be selected in accordance with the l)earing ])ower 
of the natural soil. A roller having excessive weight may cause 
injury to the roadbed, by rolling it into undulations that vill permit 
water to collect and consequently cause damage. A roadbed which 
wiil stand a heavy roller in dry weather may be injured by it during 

+ M L rno ic ’ixroll +r\ nuo -rrxlLxre rxl* 




94 


HIGHWAY CONSTRUCTION 


The roller should commence at one edge or border of the road- 
way, and move along that e^ge until within about 25 feet of one 
end of the spread stone; it then should cross over to the other edge 
and proceed along this edge to the beginning, crossing over and 
overlapping the strips previously rolled until the center of the road 
is reached. The rolling is continued in this manner until the stones 
cease to creep in front or sink under the roller. If, during the first 
passages of the roller, low spots appear, they should be filled to 
grade with stone of the same size as is in the course being rolled. 



Fig Coinptit ling liittUi n li\ Ml nil llnlli i 

Courtc.s!/ (if L’nitfil Shlti^ l)i intrtiin nt u! \’i> >< ult ,k 


After about two passaiijes of tlu* roller, llie binder, eon n iiiir of 
the screenings from the stone l)eing ummI for t I k* eoin >e, is -juiad in 
a tliin layer over tlie surface of tin* j)artl\ eoinpai led and 

sprinkled with water, which ^\a^lle^ it into iIk* \oids in tin* 
the rolling then is continued, Idg. (>1, "rin* ojieraiioii of apj)b iim 
the binder, sprinkling, and rolling is n‘p(‘ate<l until a wa .e of water 
and screenings rises in front of tin* rolh^r. I'laeli eoiir'C i^ treated 
and rolled in the same manner. If the ^erei'innu-^ from the rock 
that is being used are not suitable for binding, screenings from other 
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An excess of binder and water will shorten the time required to 
consolidate the stone and produce the appearance of a good piece of 
work, but under traffic it will wear unevenly and go to pieces quickly. 

Suppression of Dust on Macadam and Telford Roads. Since 
the introduction of mechanically propelled vehicles, broken-stone 
roads constructed according to the principles of Telford and McAdam, 
have proven inadequate to the demands of the changed traffic. 

The adhesion between the particles of stone is insufficient to 
react against the propulsive force exerted by the driving wheels. 



I’lj' <)1 and Sprmkhufj; Socond Omr'^o of JMucudain lluail Lu C'uinpleLc 

BiraliiiK Pn)C«‘ss 

( of VniUd Stdti iJrittnlinriit of \i/ri( uttaiv 


Ju'iicf the stones nre loosoticd, aii<l altlioujth tlie riil)lKT tiros vith 
wliicli tlio motor voliiolos arc equipped jjrodiioe little dust by attri- 
tion or wearing away, the vchiele moving at high si)eed creates a 
partial vacuum, ^'he current of air which tlien rushes in to re-cstab- 
lisli the e(|nilibriuin jjieks up the small particles of stone displaced 
and loosened by the thrust of the driving wheels and <listributes 
them in the form of dust, which is verv disairreeahle to other users 
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ar^ thrown about and ,gi^und upon one another and thus increase 
the amount of fine material ready to be scattered as dust. 

The frequent repetition of these actions causes the pavement 
to pit and disintegrate. The, destructive effect is intensified, the 
greater the speed, and where the irregularities of the surfaces are 
such as to cause the wheels to leave it, there is produced a bounding 
motion that is continued for some distance and is particularly dis- 
astrous. Shearing of the road fabric is very severe on steep grades 
and curves due to the slipping of the driving wheels when the pro- 
puj^v^ force is greater than the adhesion between the tire and the 
irdad, surface. The damage arising from this is more extensive 
during wet weather and is intensified when the wheels are equipped 
with bars, chains, studs, and other anti-skidding devices. 

The formation of dust and mud cannot be prevented absolutely, 
because all materials, by attrition and the disintegrating action of 
the elements, yield dust when dry and mud w^hen w^t- If the sur- 
face of a water-bound macadam road could be maintained in a 
moist condition, there would be no dust, but moistening w'ith water 
even in cities, towms, and villages is expensive, and in rural distri(*ts 
the cost is prohibitive and the practice w^ould be impossibh', owing 
to the absence of w^ater available for the purpose. IIcMice in (h'aliiig 
with existing road surfaces a remedy has be(*n souglit in more fn^- 
quent cleansing and in the use of some sul)stitut(‘ for wat(T which 
would be cheap, effective, lasting, and easily a])|)li(‘(l. ''I'o in(‘(‘t this 
demand several ^'dust-laying’' compositions have h<*(‘u jilaci^d on 
the market, and experiments have hceii ma(l(‘ with sona* of th(‘sc, 
but it has been demonstrated ck'arly that, with hut f(‘w (‘\c(‘pt ions, 
they have a very temporary cfha-t, an<l tli(‘ir application mu^t lx* 
frequent and thorough. 

Under the head of exceptions, that i^, of the mon* or lc^s 
permanent methods, are included the following: ( 1 j tli(‘ c(‘in<‘iit iiig 
of tlie surface stone hy a hituiiiinous cciiuait or hinder. Wlnni 
the hinder is apjdied hy the penetration method, the siirfac(‘ is 
deserihed hy the general term “hituininou.s-maeadam” ; and w hn\ it is 
desired to indicate the kind of hinder, the des<Tij)ti\(‘ naiiK's, “asphalt- 
inaeadam”, “tar-maeadam”, etc., are us(‘(l. \Vli(*n tlu‘ hiiuhT is 
apidied hy the mixing method, the eonstruetion is eall(‘d “hitumi- 
nous-concrete”. or soecificMllv +Jw» /vF. f I 
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name as, ''bitulithic”, • Varrenite’’, "'amiesite'’, ''filbe^tine'^ '"rock- 
asphalt"', etc.; (2) binding the stone with hydraulic cement, the 
surface so formed being called ^'concrete-macadam'’, or "concrete 
pavement”. These will be discussed later under their respective 
headings. 

Turning to the details of the various temporary methods, we 
find the following: 

(1) Fresh Water, This is the simplest remedy, but not always 
the most practicable nor the cheapest. 

(2) Sea Water. This is a simple remedy but available only on 
the seacoast. The salts contained in sea water are highly anti- 
septic and deliquescent; a light sprinkling will suppress the dust for 
several hours. Its use, however, is objected to for the reason that 
it injures the varnish and running gear of vehicles, corrodes cast- 
iron street fittings, and when the road surface on which it has been 
used has dried the dust then produced, containing salt, injures food 
and other goods exposed to it. Moreover, after a few weeks’ use 
the dust is converted into a pasty mud that adheres to the wheels 
and causes the surface of the road to be "picked up”. 

(3) Deliquescent Salts. The chief advantage of these salts is 
that their effect is more lasting than that of water. The salt used 
most extensively is calcium chloride obtained as a by-product in the 
manufacture of soda by the ammonia process. The salt may be 
applied either in solution or in the dry form. It takes up water 
rapidly and proves very efficient where the atmospheric moisture is 
sufficient to feed the salt. Glutrin, the commercial name for the 
waste suli)hite liquor obtained in the manufacture of paper from 
wood ])ulp by the sulphite process, re<lu(*es the formation of dust, 
hut the treatmcMit must be repeated frequently. Waste molasses 
or "l)lack stra[)” from sugar refiuerie\s mixed with milk of lime 
possesses good dust-siq)pressing qualities. 

(4) Ci)(il-T(ir Doatincj. Refined coal tar apj)lied either hot or 
cold ill the form of a sjiray minimizes the production of dust, renders 
the surface waterproof, and reduces wear. The success attending 
its use depends upon the quality of the tar, tlie state of the weather, 
which must be clear and dry, the condition of the road surface, 
whi(‘h must be dry and free from dust and dirt, and, in the case of 
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(5) Solutions of Coal Tar and Petroleum. Several patented 
preparations of* coal tar are on the market. The principle of all is 
practically the same, namely, the solution of the tar or oil in water 
by a volatile agent, which on evaporation leaves a more or less 
insoluble coating on the road surface. The more favorably known 
of these preparations are ^^tarvia^^ and 'Vestrumite’\ 

(6) Crude Petroleum and Residuum OH. Crude petroleum 
cont^ning a large percentage of asphalt gives the best results. 

’!p 0 troleum having paraflSn and naphtha as a base refuses to bind, 

produces a greasy slime. The residuum oils obtained in the 
4#P^tion of petroleum having asphaltum for a base have yielded 
goofl results in many cases. 

Two methods are followed in applying the oil: (a) The sur- 
^face of the road to be oiled is prepared by removing the dust with 
hand or power brooms. The oil, in the cold method, is applied by 
specially designed sprinkling wagons, at the rate of from one-third 
+r» orpllnn ocr squurc yard. After being appli(‘<l the oil is 

or stone screenings and may or may not he 
jil is applied once or twice a year according to wh(‘ther 
c is light or heavy. The surface of the road must he dry 
3 oil is applied. 

(b) The oil is sprinkled over the surface and mixed with the 
dust. If the oil is merely sprinkled, the mixture of dust and oil 
made by the action of the traffic will become very sticky and w ill lx* 
removed in spots by adhering to the wheels. For the ])urpos(‘ of 
facilitating the handling and of securiug a d(‘(‘p(‘r pcuictrat ion 
than is possible with cold oil, the oil is heat(‘d to a ttunperat ur(‘ of 
about 140° Fahrenheit and ap})lied in th(‘ saiia* inaniKT th(‘ 
cold oil. 


(7) Oil Tar and Creosote. Oil tar is tlu* n‘si(lual \u{uu\ from 
the manufacture of carbureted water gas and oil gas. Tin* tar us(‘(l 
for road purposes is obtained by distilling the original tarry li(iui(l to 
remove the light oil, naphthalene, and creosote. \'arious grad(‘s of 
tar are produced according to the temperatun* at which tin* dis- 
tillation is stopped. The higher the t(‘mp(‘ratun‘ of distillation, tli(‘ 
harder and more brittle the tar. 

The oil tar cither alone or mix(‘d with creoM)t(‘ is apj)licd in the 

cjornp rniiniu'r msj r*n‘J 
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Bituminous-Macadam 

Features of Bituminous=Macadam. A bituminous-macadam 
wearing surface differs from the previously described water-bound 
broken-stone surface only in the kind of binder and the quality 
of the stone. The bituminous binder is prepared from asphalt, 
asphaltic oils, refined water-gas tars, refined coal tars, and com- 
binations of refined tars and asphalts. 

The bituminous binders adhere to comparatively porous and 
relatively soft stone, such as limestone, better than to the hard 
stones, such as trap and granite. Consequently, the stone used 
with the bituminous binders inay be inferior in hardness and binding 
quality to that required for water-bound macadam. 

Methods of Construction. The essentials necessary to the 
successful construction of a bituminous covering are: (1) the exclu- 
sion of both subsoil and surface water from the foundation; (2) a 
solid unyielding foundation; (3) a stone of suitable quality and 
size; (4) that the stone shall be entirely free from dust, otherwise 
the dust will interpose a thin film between the stone and the bitu- 
minous binder and prevent the latter from adhering to the stone; 
(5) if the stone is to be used hot, that it shall not be overheated; 
and if is to be used cold, that it shall be dry, for if wet or damp, 
the bituminous material will not adhere to it; (C) that the bituminous 
cement shall be of suitable quality; free from water, for which the 
stone has a greater affinity than for bitumen, and would thus pre- 
vent adhesion; free from ammoniacal liquor, which is apt to saponify 
some of the oily constitutents and thus render them capable of 
combining with water and therefore apt to be washed out; free 
from an excess of light oils and naphtha, which act as diluents 
and volatilize on the surface of the road, forming a skin that is 
not durable; fr(‘e from an excess of free carbon, because it has no 
binding value and is liable to be converted into dust and mud. 

Two general methods with various modifications in the minor 
details are employed for ap|)lying the bituminous binder to form 
the wearing surface, viz, the penetration method, and the mixing 
method. 

Penetration Method. In this method, the stone is spread and 
packed slightly by rolling. The bituminous binder is then applied 
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nozzle leading from a or by a mechanical distributor i 

air pressure to discharge material through nozzles that Sf 
it in a finely divided stream or spray, Fig. 65. The binder is he. 
usually by steam from the roller, but when hand pots are use 
is heated in kettles over fires. The quantity applied is aboi 
gaiions per square yard. After the binder is distributed, it is co\ 

with a light coating of s 
dust, sand, or gravel, an< 
rolling is continued. In i 
cases, after the rolling is 
pleted, another applicati( 
the binder is made at the 
of about one-half gallor 
square yard; this is call 
‘'paint coat'’ and is co^ 
with a light sprinkling of ^ 
screenings. 

M ixing M ethod. In 
method the stone to be 
for the wearing surface, ^ 
ing in size from J t( 
inches, is cleaned and d 
then mixed with a sufli 
(jiiantity of the hind(T to 
all the stones thoroiij 
The mixing is ])(Tforni<* 
manual labor on a in 
hoard, Fig. (>(), or by ra 
tlie ^toiu's through a ba 
liciuid binder, or by j)a 
through a mechanical mi 
machine, Fig. 07. The coated stones are spn'ad uj)on tlu* found; 
in a layer having a thickness of about inclus and are co\ 
with a light coating of stone .scri'cnings free from dust; tlien 
compacted by rolling, Fig. (>(S. Wher(‘ver tlie bind(T flushe 
the surface it is covered with scrc^imiugs and rolh'd. Wluui 
rolling is completed, the surplus screenings are swept from 
surface. Thp clcanprl + m 
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binder called a “seal coat”, for the purpose of insuring the watei 
proofing and complete filling of the voids. Fig. 6^. For this coai 
about one-half gallon of binder is used per square yard of surfaw 
Screenings again are spread and may or may not be rolled. 

Advmtages and TKsahmiages of the Penetraiion Method. Th 
advantage of the penetration method is the ease and rapidity wit 
which it can be carried ont, and the low cost for equipment and laboi 

The disadvantages of the penetration method are: (1) th 
‘^®&culty of obtaining an absolutely uniform distribution of the bindei 
thm producing “lean” and “fat” spots that will prove defective unde 
■traJlc; (0) it is wasteful, in that it is necessary to use more binde 
than actuary is required to coat the stones and bind them togethei 



Fig. 69. Spraying Seal Coat by Auto Trurk, Onf-Hull (Jiillun to tin- ^ mil 
Courtesy of Biirrelt Mnnufiirtuniiy ('tnn pntn/, t tr Yor/, ( ifv 


(3) it is difficult and sometimes impossible to ust* a liiiidtT of .siifl 
cieut original consistency to ])r()(liice a satisfactory bond, owing I 
the bitumen setting too rapidly when applii'd to cold stone. 

Advania(/cs and Dlmdranfuarfi of the Miriiuj Method, d'li 
advantagesof the mixing method are: (I) tlu‘ jiroducing of a nnifori 
fabric in which the cement is distributed uniformly and cement 
each individual stone; (2) that construction can b(‘ carri(‘d on i 
colder weather than is permis.sible with the p(‘iK‘tration met lax 
If hot stone is used, a bitumen can be cmjiloNed of such origim 
consistency as is required to sustain the traffic satisfaetoriI\ . 

The disadvantage of the mixing method is the greaUT cos 




TYPICAL ASPHALT PAVEMENT, SHOWING ALSO CONCRETE FOUNDATION IN FOREI^ROUND 
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due (1) to the increased labor, and (2) to the more elaborate equip- 
ment and apparatus required. 

Bitulithic. Bitulithic is composed of stone, ranging in size from 
2 inches to -g-iir of an inch, and dust, which are dried, heated, 
and mixed in predetermined proportions, so as to reduce the voids 
to about 10 per cent, and cemented by a hot bituminous cement 
manufactured from either coal tar, asphalt, or a combination of 
both. The cement is added in sufiScient quantity not only to coat 
every particle and to fill all of the remaining voids but with enough 
surplus to result in a rubbery and slightly flexible condition of the 
mixture after compression. 

The mixture is spread, while hot, to such depth as will give 
a thickness of 2 inches after compressing with a'' l.O-ton roller. 
After rolling, a composition coating called a ^'flush coat” is spread 
over the surface; this being covered while sticky with hot stone 
chips which are rolled until cool. The purpose of the stone chips 
is to form a gritty surface to prevent slipping. 

Amiesite, Amiesite is a patented preparation of crushed stone 
or gravel, coated with an asphaltic cement. It is laid in two courses 
and a surface finish. The first course, composed of stone ranging 
from J inch to inches, is spread to a depth of 3 inches, blocks 
or strips of wood being used to insure uniformity of depth, then 
rolled once. The second course is composed of stone | inch and 
less, spread 1 incli deep, then rolled. The surface finish consists 
of screenings or sand, used in sufficient quantity to fill the voids. 

Rock Asphalt. Tlie rock asphalt most used in the Ignited 
States is a sandstone et)iitaiuing from 7 to 10 per cent of asphalt. 
It is prepared for use by pulverizing and is used either hot or cold. 
It is spread upon tlie surface of the stone to a dej)th of about 
inches and rolled with a steam roller; the rolling is repeated daily for 
several (lays, or until the asphalt becomes hard. 

Definitions of Bituminous Materials. The most recently 
adopt(‘d (hdinilioiis of the bituminous materials employed in road 
construction are: 

N(tiirr Biliinicn. Native bitumen is a mixture of native or 
pyrogenoiis hydrocarbons and their non-metallic derivatives, which 
may be gases, liquids, viscous liquids, or solids and which are soluble 
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Artificial Bitumen. Artificial bitumen is produced by the 
destructive distillation of pyrobitumens and other substances of 
an organic nature; the bitumens so produced are commonly known 
as tars, the word tar being compounded with the name of the material 
which has been subjected to the process of destructive distillation, 
thus designating its origin, as, coal tar, oil tar, etc. 

, Bituminous. Bituminous refers to that which contains bitumen 
or constitutes a source of bitumen. 

Emulsions. Emulsions are oily substances made mixable mth 
water through the action of a saponifying agent or soap. 

Fixed Carbon. Fixed carbon is the organic matter of the 
residual coke obtained upon burning hydrocarbon products in a 
covered vessel in the absence of free ox}'gen. 

Fluxes. Fluxes are fluid oils and tars which are in(‘orporate(l 
with asphalt and semi-solid or solid oil and tar rcsiduurns for the 
purpose of reducing or softening their consistency. 

Residuums, Residual Petroleum, or Residual Oils. Tluvse are 
heavy viscous residues produced by the evaporation or <listillation 
of crude petroleums until at least all of the burning oils have l)(*(‘n 
removed. 

Bituminous Cement. Tli(‘ bituminous c(‘int‘nts or binders 
are prepared from (1) coal-, oil-, and wat(T-gas tar^; CJ) asj>haltic 
petroleums; (3) asphalt; and (4) combinations of asphalt and tlu* 
residues of distillation from asphaltic pctr(>h‘ums. 

Coal-Tar Binder, (’oal-tar binder is tlu‘ r(‘sidu<‘ obtained by 
the distillation of the crude tar ])r()duc(‘d in th(‘ rnamifael un* of 
illuminating gas and the manufacture of coke for metallurgical 
purposes; the required consistency is obtaiiK'd by rem()\ing part 
or all of the contained oils. 0\\ing to the dilfenmce in tin* tem- 
peratures employed in the two ])roducing ])roce^^es, tlu* constituents 
of the tar, while identical in their chara{*t(‘ristics, ditl'cr in their 
amount; the most markc‘d dill’ercnce being in tin* fna* carbon con- 
tent, of which coke-oven tar has the l(‘ast. 

Oil-(jas Tar. Oil-gas tar is produc(‘d in tin* mannlactiirc of 
gas from oil. The tarry residue is rather \aried in chara<-t<T and 
is pre])ared for use by distillation; it usually contains a large* amount 
of free carbon. 

ixr X . • . ... 
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ture of carbureted water gas for illuminating purposes and results 
from the petroleum product employed for carbureting. It is a 
thin oily liquid containing a large percentage of water. It is pre- 
pared for road use by mechanical dehydration and distillation. 
It has a strong gassy odor when applied to the road, but this dis- 
appears in a few days. 

Asphaltic Petroleums. Asphaltic petroleums are native petro- 
leums which yield asphalts upon reduction. They are used in the 
crude state, or after the illuminating and other oil constituents 
have been removed by cracking or blowing. 

Asphalt Asphalt is the name by which the native semi-solid 
and solid bitumen is known. Asphalt is the most permanent type 
of binder and has been used for many years in the construction of 
sheet-asphalt pavements. The semi-solid or tarry varieties are 
called ^'malthas’^ and are the ones generally employed as a binder 
for broken-stone roads; the solid variety is used almost exclusively 
for street pavements. Rock asphalt or bituminous rock is the name 
given to a great variety of sandstone rocks more or less saturated 
or cemented by maltha or hard asphalt. In referring to rock asphalts 
it is customary to add the name of the locality wdiere they are found, 
as ^'Kentucky rock asphalt”, 'Ttalian rock asphalt”, etc. The 
semi-solid varieties are used in the natural state or after the water 
and volatile hydrocarbons have been removed by heating. The 
hard varieties are prepared by softening with a suitable flux. 

Combinations of Asphalt and Distillation Residues, Com- 
binations of as})luilt and the residue from the distillation of tars 
and petroleums are made by adding either a refined maltha or a 
])ulverized solid asphalt; the mixing being accomplished by the 
injection of compressed air through suitably formed nozzles. 

Tests for Bituminous Materials. The bituminous materials 
are subjected to certain tests for the purpose of ascertaining tlicir 
chemical and ])h\ sical })roperties. Tlie results of the tests arc' 
used in specifications to secure the furnishing of the desired quality 
of material and to control the processes of manufacture; also to 
form a record by w'iiicli the behavior of the materials under similar 
and dissimilar service conditions can be compared. The complex 
charac'ter of the materials reniiires a suitablv eci nipped laboratorv 
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The tests are determinations of (1) amount of water contained; 

(2) materials soluble in water; (3) homogeneity at a temperature 
of 77°' Fahrenheit; (4) specific gravity; (5) consistency or vis- 
cosity measured by a standard penetration machine; (6) ductility, 
or the distance the material can be drawn out before breaking; 
(7) toughness, or resistance to fracture under blows in an impact 
machine; (8) melting or softening point, measured by a thermometer 
while the temperature is raised through a water or oil bath; (9) 
distillation— the products yielded at different temperatures during 
continuous distillation in a suitable flask or retort are caught and 
weighed; (10) amount of free carbon — a sample is dissolved in carbon 
bisulphide, the solution filtered, and the insoluble residue weighed; 

(11) amount of fixed carbon— a sample is placed in a platinum 
crucible and heated until the emission of flame and smoke ceases, 
then is allowed to cool and the residue is weighed; and the difhTence 
between the weight of the sample and the residue is the fix(*d carbon; 

(12) paraffine — the presence of paraffine is (leteriniiu‘d by tn^uting 
a sample with absolute ether, freezing the mixture, fiIt(Ting tlu‘ 
precipitate, evaporating and weighing tlu; n‘.si<hu‘; (i:!) amount 
of bitumen contained — found by wtughiiig a .samph* of tli(‘ dri(‘d 
material, by adding carbon bisulphide to di^^olvt* tb(‘ bitmii(‘ii, 
and by drying and weighing tlm residut^ after tht‘ extrartinn i> 
completed. The loss is the amount of bitiimm N>lul>h‘ i;i 
carbon bisulphide. A saini)lo aKo is tnx-iled with naphtha an<l 
the character of the residue is noted as to uIkuImt it i> stick\ 
or oily. 

Concrete Pa\enients 

Construction Methods. Se\eral nu^thods with niaii\ \aria- 
tions are employed for the eoii^truction of coiicrcto pa\ 

The priiieipal ones are: (I) grouting iiaMliod, tho conM met loii 
being commonly called “concrete macadam”; mixing method; 

(3) block or cube method. 

(iruufiiig j\I f'tlidd . In this method the .st(UU‘ is spread upon 
the foundation and lightly rolh'd, alter which a mixture of one 
j)artof cement and three parts of .sand in tht‘(lry stall* i-. spread o\er 
the stone and sw'ept into the interstic(*s by brooms, then sprinkled 
with water and rolled; more eenu^nt and sand are spri'ad, spriiikh'd, 
and rolled: the oneratioTi iv: imfil + 1.... . ...... 



HIGHWAY CONSTRUCTION 


107 


A variation of this method, known as the Hassam paving, is made 
by spreading the stone, rangipg in size from IJ inches to 2^ inches, 
and rolling it to a thickness of 4 inches, then filling the interstices 
with a grout composed of one part cement and three parts of sand 
mixed with water in a mixing machine, from which it flows over 
the surface, the machines being drawn along the roadway for this 
purpose; rolling is proceeded with at the same time and sufloicient 
grout is applied to fill the interstices. On the foundation so prepared 
a wearing surface is formed; the stone is spread in the same manner 
as in the first course; the grout, composed of one part cement and 
two parts sand, mixed with sujfficient water to make it very fluid, is 
applied by flowing over the surface of the compacted stone. The 
surface is finished by applying a thick grout composed of one part 
each cement, sand, and pea-sized trap rock. 

Mixing Method. In this method the ingredients are com- 
bined into concrete by either hand or machine mixing; the con- 
crete is deposited in place in one or two courses, the former being 
called ^'one-course” pavement and the latter "two-course” pave- 
ment. In the one-course method, the concrete mixed in the pro- 
portions of one part cement, one and one-half parts sand, and three 
parts stone is spread upon the prepared natural soil foundation 
and tamped to a thickness of about 6 inches. 

In the tw^o-course work the concrete mixed in the proportions 
of one part cement, two and one-half parts sand, and five parts 
stone is spread u])on the pre{)ared natural-soil foundation and com- 
pacted by rolling or taini)ing to the required thickness. On its 
surface, and before the cemcMit has set, the wearing surface of about 
2 inches in thickness is placed and tamped to the required contour. 
The mixtures used for the wearing surface vary, being composed 
of sand and cement, or of sand, cement, and small broken stone. 
The wearing surface of the Idoine pavement is composed of one 
part cement and one and one-half parts of aggregate, which is 
made up of 50 j)er cent l-inch, 30 per cent -g-incli, and 20 per cent 
1 ^ 0 “inch granite screenings. The surface is formed into 4.j-iuch 
by t)-inch blocks by cutting grooves \ inch wide and [ inch deep 
by means of special tools. 

Materials. The materials used in the eonstriiction of concrete 

i kH + Cl 1 H'nVl /**! Pfi T <<11^111^1 bp 
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■ hard tough rock, free from duat and dirt, and graded so as to reduce 
voids to the minimum. The sand should be free from loam, clay, 
vegetable and organic matter, and should grade from coarse to 
fine. The cement should be of a quality to meet the standard 
tests. The water should be clean and free from organic matter, 
alkalies, and acids. Rapid drying of the concrete should be pre- 
vented by covering it with a canvas which is kept moistened with 
water for several hours; after its removal the surface should be 
covered with sand or earth which is to be kept moist for a period 
of two weeks. Improperly mixed or constructed concrete pave- 
ment will wear unevenly, crack, and rapidly become very defective. 

Expansion Joints. To provide for the expansion and con- 
traction of the concrete under changes of temperature, expansion 
joints are formed at intervals ranging from 15 to 60 feet. The 
edges of the joints are protected from injury by angle irons, and 
the space between them, about i inch, is filled \\ith a bituminous 
cement which extends the full depth of the coiuTete. Wlum the 
concrete is laid between curbs longitudinal joints from § inch to 
inches wide, filled with bituminous cement, are formed along 
the curb. 

Reinforced-Concrete Pavement. (’oiuTete ])a\einents rein- 
forced with steel in the form of woven-wire, Fig. 70, expaiuied nu‘tal, 
and round bars are constructed in two courses, the nMiiforceineiit 
being placed between the foundation course and the wearing .surface* 

Concrete with Bituminous Surface. In this t\i>e tin* surfact* 
of the concrete pavement, constructed by either tlH‘ grouting or 
mixing method, is covered with a bituiniiious (■(‘iiinit maeh* from 
either asphalt, coal tar, or a inixturii of both. 

Block or Cube Pavement. In this t\p(*<>f j)a\ (‘incut , l)l(>ck> 
or cubes of concrete are inol(I(‘(l in a niacliiiu* or cast in nadd-.. 
The blocks are stacked and allowt'd to M*aM)ii for three months, 
during which time they are wet twice* a <la\. an* laid 1)\ 

hand on a sand eusliion spr(*ad upon tin* foundat ion, t hen an* bronglii 
to a firm bearing and unitorin .surlaci* by rolling with a light rolh'r. 
Tie surface is covered with ii Ia\(*r ot .sand or sand\ loam which 
is broomed and fliished by \vat(*r into tla* joints and tin* rolling is 
rejieated; after wliich tlie surface is coNi'n*!! with a Ia\cr of .sand, 
and the traffic then admitted. 
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A variation from the methods described is made in the patented 
pavement ^Vocmac”, This is composed of broken stone cemented 
by silicate of lime, obtained by mixing powdered carbonate of lime 
with a solution of silicate of soda and sugar. The silicate of lime 
mortar is spread upon the foundation to a depth of about 2 inches, 
over which the broken stone is distributed to such a depth as will 
give, when compacted, a depth of about 4 inches. It is rolled and 
sprinkled with water until the mortar flushes to the surface, and 



Fig. 70. Laying ]{« ii.f- r... 1 r..ticrete Road Woven Wire Fabric in Foreground Ready 
I I h- I’Ijh*' ■! botwooa Upper and Lower Coat 
Cuurlesy of Municiyal JUnyincennQ and ContracUny Co7ni>any, Chicago 

then is covered with a layer of stone sert‘(‘iiiiigs and finally opened 
to traffic. 


MAINTENANCE AND IMPROVEMENT OF ROADS 

Repair and Maintenance of Broken=Stone Roads. These 
terms fnaiiieiitly but erroneously are used interchangeably. Repair 
in(‘ans the restoring of a surface so badly worn that it cannot be 
maintained in good condition. A V(‘ll-maintained road should not 
reiphre r(‘j)airs for a considerable length of time. ''Ehe maintcMiance 
of a road is the k(‘(‘piiig of it, as nearly as practicable, in the same 
condition as it was wlnni constructed. 

(food maintenance comprises: (1) constant daily attention 

f 1 T» + 1 
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remove the detritus caused by wear, the horse droppings, -and 
other refuse; and (3) application of water or other dust layer. 

When the surface of a water-bound broken-stone road requires 
to be renewed, it is loosened and broken up by scarifying, the new 
stone spread, rolled, watered, and bound in the same manner as in 
new construction; or the old surface is cleansed from dust and 
other matter by sweeping and washing, and the new stone spread 
upon it, compacted and finished as in new construction. 

The resurfacing of water-bound roads with a bituminous con- 
struction is becoming common. The methods employed are the 
s^me as heretofore described under ^'bituminous macadam’ \ 

Systems of Maintenance. Several systems for maintaining 
roads are in use, .the one yielding the best results being that which 
provides for the continuous employment of skilled W'orkmen. The 
men so employed become familiar with the pec'uliarities of the 
sections in their charge and with the best way to deal with them. 
Efficient maintenance requires that the surfaces he kept smooth 
so that surface water may flow away rapidly and that the injury 
caused by traSic on uneven surfaces may be avoided; that iiicipicuit 
ruts, hollows, and depressions be eliminated by eutting out the ar(‘a 
involved in the form of a square or rectangle and filling with iu‘\v 
material; that dust and horse droppings he r(‘ni()V(‘d; that loose 
stones be removed; that gutters be clear so tlie rain water may he 
removed quickly; that ditches and eulverts 1)(‘ chained out in a(l\anc(‘ 
of the spring and fall rains; that weeds an<l gra^s Ik* remoxed Trom 
the earth shoulders, and that these and the dii^t sweepings Ik* not 
left on the sides of the road to he redistributed, hut lx* reinoxed 
immediately and disposed of in such manner as will not cjiiisc* injury; 
that bridges be examined and repaired at l(‘a.st t\\ iet* a \ ear. 

Improvement of Existing Roads. The impro\emeiit of e\i^tiiig 
roads may be divided into tliree hranehes: {1 ) rectification of align- 
ment; (2) drainage; (3) improvement of tin* surfac e. 

The first of these consists in the ai)plieation of the prmeiple.s 
w^hich have been laid dowm for the location, etc., of new' roads and 
w'ill include straigliteiiiiig the course l)y eliminating mmeee^^ar\ 
curves and bends; improving the grade either hy a\oi(liiig (.r cutting 
dowm hills and by embanking valleys; increasing the width where 
necessary, and rendering it uniform throughout. 
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The second, or drainage, consists in applying the principles laid 
down for the drainage of new roads, and in constructing the works 
necessary to give them effect. ^ 

The third, or improvement of the surface, consists in improving 
the surface by any of the methods previously described and that 
the funds available will permit. 

Value of ImprommenL The improvement of roads is chiefly an 
economical question relating to the waste of effort and to the saving 
of expenditure. Good roads reduce the resistance to locomotion, 
and this means reduction of the effort required to move a given load. 
Any effort costs something, and so the smallest effort costs the least, 
and therefore the smoothest road saves the most money for every- 
one who traverses it wdth a vehicle. 

Cost of Improvement Before undertaking any improvement 
generally it is required to know the cost of the proposed improve- 
ment and the benefits it will produce. In the improvement of roads 
the amount of money that may be expended profitably for any 
proposed improvement may be calculated with sufficient accuracy 
by obtaining first the following data: (1) the quantity and quality 
of the traffic using the road; (2) the cost of haulage; (3) plan and 
profile of the road; and (4) character and cost of the proposed 
improvements. From tlie data ascertain the total annual traffic and 
the total annual cost of liauling it. Next, calculate the annual cost 
of hauling the gi\'eii tonnage over the road when improved. Then 
the (lifVereiice between the tw^o costs wiW represent the annual inter- 
est on the sum that may be expended in making the im])r()vement. 
For exami)le, if the annual cost of haulage over the existing road is 
$1 (),()()() and the cost for hauling the same tonnage over the improved 
road will be ITOOO, the dilferenee, ,|3()()0, with money at (i i)er cent 
per annum, r(‘prc‘sents the sum of $50, ()()() that logically may be 
ai)i)roj)riat(‘d to carry out the improvement. 

Traffic Census. The direction, character, and amount of traffic 
using a road is obtaiiu'd by direct observation during different 
seasons of the year. As a preliminary to observing the traffic it is 
usual to determine the weight of the vehicles; this is done by w'cigh- 
ing typical vehicles and by establishing an average weight for each 
type. The traffic is classified according to the motive powder — as 

1 w r.*-! ■< '/kli i /’tl/iii T?Qr*n Cl 1 tJ 
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TABLE XI 
Traffic Census 

Average Hours per Day ; for Days 

f Taken at 
By 



Empty \ 

BHICLB8 

Loaded Vehicles 

Nov to 
March 

Aug. to 
Cot. 

Nov. to 
March 

Aur. to 
Oct. 

Horse 

Motor ’ 

Pleasure 

[Light 

Commercial | Medium 
[Heavy 

[Motorcycles 
' Pleasure Runabouts 
[Touring cars 

! [Light 

ommcrcial Medium 
Hnavv 






divided into pleasure and commercial traffic, the latter class hcin^ 
subdivided into loaded and non-loaded vehicles. The number of 
horses to a vehicle in horse-drawn traffi<‘ and the speed of motor 
vehicles may be noted. A summary of data is sugp‘st(‘<l in'Tabh* XI. 

The observations are made from (i a. in. to (i p. ni., durin^^ a jxTiod 
of seven days each month, with oc<*asi()nal observations, froind p.m. 
to Ga. m. orfor the entire 24 hours if th(‘ amount of traffic recpiire.s it . 

The weight of the traffic is asc(‘rtainc(l by inultipl\ ing tin* 
number of eacli kind of vehicle by the average eight cstabli^licd 
for that type. 
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PART 11 


CITY STREETS AND HIGHWAYS 

The first work requiring the skill of the engineer is the laying 
out of town sites properly, especially with reference to the future 
requirements of a large city, where any such possibility exists. 
Few if any of our large cities were so planned. The same principles, 
to a limited extent, are applicable to all towns or cities. The topog- 
raphy of the site should be studied carefully, and the street lines 
adapted to it. These lines should be laid out systematically, with a 
view to convenience and comfort, and also with reference to econ- 
omy of construction, future sanitary improvements, grades, and 
drainage. 

Arrangement of City Streets. Generally, the best method of 
laying out streets is in straight lines, with frequent and regular inter- 
secting streets, especially for the business parts of a city. When 
there is some centrally located structure, such as a courthouse, city 
hall, market, or other iirorniiient building, it is very desirable to have 
several diagonal streets leading thereto. In the residence portions 
of cities, especially if on hilly ground, curves may replace straight 
lines with advantage, by affording better grades at l(‘ss cost of grad- 
ing, and l)y improving property through avoiding heaxy enil)ank- 
ments or cuttings. 

Width of Streets. The width of streets should lie projKirtioned 
to the character of the traffic that will use them. No rule can be 
laid down by which to determine the best width of streets; but it 
may be said safely that a street whicli is likely to become a coin- 
incrcial thoroughfare should have a wddth of not less tliaii 120 fei't 
bi‘tw'een the building lines — the carriage-w^ay (SO feet w^ide, and the 
sidewadks each 20 feet wide. 

Tn Q:frr»o+c i r^ntirolv hv lonppQ n r'nrrin crp-wn v 
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as great as desired. The sidewalks may be any amount over 10 feet 
which fancy dictates. Whatever width is adopted for them, not 
more of it than 8 feet need be paved, the remainder being occupied 
with grass and trees. 

Street Grades. The grades of city streets depend upon the 
topography of the site. The necessity of avoiding deep cuttings or 
high embankments which seriously would affect the value of adjoin- 
ing property for building purposes, often demands steeper grades 
than are permissible on country roads. Many cities have paved 
streets on 20 per cent grades. In establishing grades through unim- 
proved property, they usually may be laid with reference to securing 
the most desirable percentage within a proper limit of cost. But 

w'hen improvements already 
have been made and have been 
located with reference to the 
natural surface of the ground, 
the matter of giving a desirable 
grade without injury to adjoin- 
ing property frequently is one 
of extreme difficulty, lu such 
cases it becomes a (luestioii of 
how far individual int(T(‘sts sliall 
be sa(Tific(‘d to the general good. 
'^riicTe an*, 1ioW(‘v<t, certain con- 
<litions which it is important to 
hear in mind: (1) d’hat tlu* 
longitudinal (Town level should be sustained uniforinly from str(‘(‘t 
to street intersection, wiienever ])raetieal)le. (2) That the grad(* 
should be sufficient to drain the surfa(‘(‘. (2) That tlu'croun l(‘\els 
atall intersections should he ext(*n( led tran.s\'(*rM‘l\ , to a\<)id forining 
a depression at the jiinetion. 

j I n'ortor ‘in • f.s of dradcff at Street I nferseefiotos, Tlu* h(*st arrangc*- 
ment for intersections of streets when eith(‘r or both ha\(‘ much 
inclination is a matter w’hieh reepnres careful con.si(h‘ration and 
upon wTich much diversity of opinion exists. No liard or fast ruh* 
can be laid down; each will recpiire special adjustment, d'lu* best 
and simplest method is to make level the rectangular space (uuuiiuuui, 
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placing gulleys at AAA A and the catch basins at ccc. When this 
method is not practicable, adopt such a grade (but one not exceeding 
2| per cent) that the rectangle AAAA shall appear to be nearly 
level; but to secure this it must have actually a considerable dip in 
the direction of the slope of the street. If steep grades are con- 
tinued across intersections, they introduce side slopes in the streets 
thus crossed, which are troublesome, if not dangerous, to vehicles 
turning the corners, especially the upper ones. Such intersections 
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arc especially objectionable in rainy weather. The storm water 
will fall to the lowest point, concentrating a large (piantity of water 
at two r(‘C(‘iving basins, which, with a brok(‘n grade, could be divided 
among four or inon* basins. 

Fig. 72 shows the arrangement of intersections in steep grades 
adapted for the streets of Duluth, Minnesota. FVoin this it will be 
seen that at these intersections the grades are flattened to per 
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intersecting sidewalks. Grades of less amount on roadway or side- 
walk are continuous. The elevation of block corners is found by 
adding together the curb elevations at the faces of the block corners, 
ajui 2§ per cent of the sum of the widths of the two sidewalks at the 
comer, and dividing the whole by two. This gives an elevation 
equal to the average elevation of the curbs at the comers, plus an 
average rise of 2^ per cent across the width of the sidewalk. 

“Accommodation summits” have to be introduced between 
street intersections in two general cases: (1) in hilly localities, to 
avoid excessive excavation; and (2) when the intersecting streets 
are level or nearly so, for the purpose of obtaining the fall necessary 
for surface drainage. 

The elevation and location of such a summit may be calculated 
as follows: Let J, Fig. 73, be the elevation of the highest corner; 









Fig. 73. Diagrams for Calnil.jtmg “ArroinniiMlution Suimimii-'” Im'Iwcimi 
Struct InlcrhLM tions 


B, the elevation of the lowest corner; D, tli(‘ <listMnc(‘ from coriuT 
to corner; and H, the rate of tln‘ accommodation ^^adt*. "rii(‘ 
elevation of the summit is equal to 

])Xli+ A + II 
2 

The distance from A or B is found by subtracting tb(‘ (‘l(‘\ation of 
either A or B from this quotient, and dividiiiji; the result by tli(‘ ratt‘ 
of grade. Or the summit may be located iiu'chanically by si)(‘ciall\ 
prepared scales. Prei)are two scales divided to corresjiond to the 
rate of grade; that is, if the rate of grade be 1 foot jier 100 feet, then 
one division of the scale should canal 100 feet on the rnai) scale. 





CRUSHED ROCK TRAIN DRAWN BY KOPPEL ‘^DINKY” ENGINE 
These tutriin' aii l an i.nm 1 extremely serxieeable in lading concrete highwa 3 ra. Roads thus pr^aa*ed are much superioT 

M. u-ual gravel turnpike and can be laid at surprisingly low cost. 
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These divisions may be subdivided into tenths. One scale should 
read from right to left, and one from left to right. 

To use the scales, place them on the map so that thejr figures 
correspond with the corner elevations; then, as the scales read in 
opposite directions, there is of course some point at which the oppo- 
site readings will be the same. This point is the location of the 
summit, and the figures read off the scale give its elevation. If the 
difference in elevation of the corners is such as not to require an 
intermediate summit for drainage, it will be apparent as soon as 
the scales are placed in position. 

When an accommodation summit is employed, it should be 
formed by joining the two straight grade lines by a vertical curve, 
as described in Part I. The curve should be used both in the crown 
of the street and in the curb and footpath. 

Where the grade is level between intersections, sufficient fall for 
surface drainage may be secured without the aid of accommodation 
summits, by arranging the grades as shown in Fig. 74. The curb is 

Curb Lev'Bl 

— Bottom of Qutter ' 

Fijj 74 Diafiram Rhowinp; Arrangement of Grades to Avoid 
"Acctmiinodalion Summits” 


set level between the corners; a summit is formed in the gutter; and 
receiving basins are placed at each corner. 

Tranfiverse Grade, In its transverse grade the street should be 
lev(‘I ; that is, the curbs on opposite sides should he at the same level. 



and the stretd erown rise etiually from each side to the center. But 
in hillside streets this condition cannot be fulfilled always, and 
oi)l)()site sides of the street may differ as much as 5 feet. In such 
eases the engineer will have to use his discretion as to whether he 
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the whole street by the lower gutter, or a<iopt the three-curb method 
and sod the slope of the higher side. 

In the improvement of old streets with the sides at different 
levels, much difficulty will be met, especially where shade trees have 



Fig. 76. Street with Unequal Transwerse Grade Inclined so as to Drain by Lower Gutter 


to be spared. In such cases, recognized methods have to be aban- 
doned, and the engineer will have to adopt methods of overcoming 
the difficulties in accordance with the conditions and necessities of 
each particular case. Figs. 75, 76, and 77 illustrate several typical 



Fig 77. Street with Unequal Transverse Grade with Three C’urbH and Higher Slope Sodtled 


arrangements in the cases of streets where the opposite^ si<l(‘s iwo at 
different levels. 

Transverse Contour or Crown. The reason for crowning a 
pavement — i.e., making the center higher than the sides is to 
provide for the rapid drainage of the surface. The most suitahh* 
form for the crown is the parabolic curve, which may be starttMl at 
the curb line, or at the edge of the gutter adjoining the carriago-wa \ , 



about one foot from the curb. Tig. 7S shows this form, which is 
obtained by dividing the abscissa, or width from the center of th(‘ 
street to the gutter, into ten equal parts, and by dropping pcrixai- 
diculars at each of these divisions, the lengths of wiiich arc dc‘t(r- 
mined by multiplying the rise at the center by the semare of the 
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TABLE XII 

Rise of Pavement Center above Gutter for 
Different Paving Materials 


Paving Matbkial 

Proportions of Rise at 
Center to Width of 
Carriage-Way 

Wood blocks 

1 : 100 

Stone blocks 

1 :80 

Brick 

1 :80 

Asphalt 

1 : 80 


successive values of the abscissas. The amounts thus obtained can 
be added to the rod readings; and the stakes, set at the proper dis- 
tance across the street, with their tops at this level, will give the 
required curve. 

The amount of transverse rise, or the height of the center above 
the gutters, varies with the different paving materials; smooth pave- 
ments requiring the least, and rough ones and earth the greatest 
rise. The rise is generally stated in a proportion of the width of the 
carriage-way. The most suitable proportions are shown in Table XII. 

Drainage of Streets. Sub-Fomdation Drainage, The sub- 
foundation drainage of streets cannot be effected by transverse 
drains, because of their liability to disturbance by the introduction 
of gas, water, and other pipes. 

Longitudinal drains must be depended upon entirely; they may 
be constructed of the same materials and in the same manner as road 
drains. The number of these longitudinal drains must depend upon 
the character of the soil. If the soil is moderately retenti\'e, a single 
row of tiles or a hollow invert placed under the sewer in the center of 
the street g(‘nerally will be sufficient; or two rows of tiles may be 
einploNed, one ])lacc(l outside each curb line. If, oil the other hand, 
the soil is exceedingly wet and the street very wide, four or more 
lines may be employed. These drains may be jiermitted to dis- 
charge into the sewers of the transverse streets. 

Surface Drainage. The removal of water falling on the street 
surfa(‘e is i)rovided for by collecting it in the gutters, from whicli it is 
discharged into the sewers or other channels by means of catch basins 
placed at all street intersections and dips in the street grades. 

(ivifpr.9. The mitters must be of sufficient denth to retain all the 
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p?Lth. The depth should never be less than 6 inches, and very 
rarely need be more than 10 inches. 

Catch Basins. Catch basins are of various forms, usually circu- 
lar or rectangular, built of brick masonry coated with a plaster of 
Portland cement. Whichever form is adopted, they should fulfill 
the following conditions: 

(1) The inlet and outlet should have sufficient capacity to 
receive and discharge all water reaching the basin. 

(2) • The basins should have sufficient capacity below the outlet 
to retain all sand and road detritus, and prevent its being carried 
into the sewer. 

(3) They should be trapped so as to prevent the escape of 
sewer gas. (This requirement frequently is omitted, to the detri- 
ment of the health of the people.) 

(4) They should be constructed so that the pit can be cleaned 
out easily. 

(5) The inlet should be constructed so as not to be choked 
easily by leaves or debris. 

(6) They must offer the least possible obstruction to traffic. 

(7) The pipe connecting the basin to the sewer should he 
freed easily of any obstruction. 

The bottoms of the basins should be 6 or 8 feet below the strt^et 
level; and the water level in them should be from 3 to 4 fc(‘t lower 
than the street surface, as a protection against freezing. 

The capacity and number of basins will depend ui)oii tln^ area 
of the surface which they drain. 

In streets having level or light longitudinal grades, gullies may 
be formed along the line of the gutter at such intcTvals as may be 
found necessary. 

Catch basins usually are placed at the curb liiK*. lii s(‘veral 
cities, the basin is placed in the center of the street, and (•omu‘(*ts to 
inlets placed at the curb line. This reduces the cost of construction 
and cleaning, and removes from the sidewalk the dirty operations of 
cleaning the basins. 

Catch basins and gully pits require cleaning out at fn^cpient 
intervals; otherwise the odor arising from the decoinpor.Ing matter 
contained in them will be very offensive. No rule can be laid down 
for the intervals at which the cleaniner should be done, but thev must 
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be cleaned often enough to prevent the matter in them from putre- 
fying. There is no uniformity of practice observed by cities in this 
matter; in some, the cleaning is done but once a year; in others, after 
every rain-storm; in still others, at intervals of three or four months; 
while in a few cities the basins are cleaned out once a month. 

FOUNDATIONS 

The stability, permanence, and maintenance of any pavement 
depend upon its foundation. If the foundation is weak, the surface 
soon will settle unequally, forming depressions and ruts. With a 
good foundation, the condition of the surface will depend upon 
the material employed for the pavement and upon the manner of 
laying it. 

The essentials necessary to the forming of a good foundation are: 

(1) The entire removal of all vegetable, perishable, and yielding 
matter. It is of no use to lay good material on a bad substratum. 

(2) The drainage of the subsoil wherever necessary. A per- 
manent foundation can be secured only by keeping the subsoil dry; 
for, where water is allowed to pass into and through it, its weak spots 
will be discovered quickly, and settlement will take place. 

(3) The thorough compacting of the natural soil by rolling with 
a roller of proper weight and shape until there is formed a uniform 
and unyielding surface. 

(4) The placing on the natural soil so compacted of a thickness 
of an impervious and incompressible material sufficient to cut off all 
communication between the soil and the bottom of the pavement. 

The character of the natural soil over which the roadway is to he 
built has an important bearing upon the kind of foundation and the 
manner of forming it; each class of soil will recpiire its own special 
treatment. Whatever its character, it must be l)rought to a dry and 
tolerably hard condition by draining and rolling. Sand and gravels 
wliich do not hold water, })resent no difficulty in securing a solid and 
secure foundation; clays and soils retentive of water are the most 
difficult, (day should be excavated to a depth of at least 8 inches 
below the bottom of the finished covering; and the space so excavated 
should be filled in with sand, furnace slag, ashes, coal dust, oyster 
shells, broken brick, or other materials which are not absorlxMit of 
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and effectually improved by laying cross drains with open joints at 
intervals of 50 or 100 feet. These drains should be not less than 
18 inches below the surface, and the trenches should be filled with 
gravel. They should be 4 inches in internal diameter, and should 
empty into longitudinal drains. 

Sand and planks, gravel and broken stone successively have 
been used to form the foundation for pavements; but, although emi- 
nently useful materials, their appUejation to this purpose always has 
been a failure. Being inherently weak and possessing no cohesion, 
the main reliance for both strength and wear must be placed upon 
the surface covering. This covering— usually (except in case of sheet 
asphalt) composed of small units, with joints between them varying 
from § inch to 1| inches — ^posesses no elements of cohesion; and 
under the blows and vibrations of traffic the independent units or 
blocks will settle and be jarred loose. On account of their porous 
nature, the subsoil quickly becomes saturated with urine and sur- 
face waters, which percolate through the joints; winter frosts uphea\'e 
them; and the surface of the street becomes blistered and broken up 
in dozens of places. 

Concrete. As a foundation for all classes of pavement (broken 
stone excepted), hydraulic-cement concrete is superior to any other. 
When properly constituted and laid, it becomes a solid , coherent mass, 
capable of bearing great w^eight without crushing. If it fail at all, it 
must fail altogether. The concrete foundation is the most co.stlx , 
but this is balanced by its permanence and by the sa\ ing in the cost 
of repairs to the pavement wiiich it supports. It admits of aecc'^s to 
subterranean pipes with less injury to tlie ntighboriiig paxmiieiit 
than any other, for the concrete may be brok(‘n through at aii\ 
point without unsettling the foundation for a eon^idl‘rable di^taii(*(‘ 
around it, as is the case with sand or other ineoluaiMit mat(‘rial; and 
when the concrete is replaced and set, the covering may be roet at 
its proper level, without the uiieertaiu allow'anec* for s<‘tt ImiKMil 
which is necessary in other cases. 

Thickness of Course, The thickness of the concrete bed lnu^l 
be proportioned by the engineer; it should be sufliei(‘nt to ])ro\i(l(‘ 
against breaking under transverse strain caus(‘d by the settlmiKuit of 
the subsoil. On a well-drained soil, G Iiielu's w ill })e found sulficieiit ; 
but in moist and clayey soils, 12 inches will not be exee.ssi\'e. On 
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such soils a layer of sand or gravel, spread and compacted before 
placing the concrete, will be found very beneficial. 

The proportions of the ingredients required for the manufacture 
of concrete are ascertained by measuring the voids in each ingredient. 
The strongest concrete will be produced when the volume of cement 
is slightly in excess of that required to fill the voids in the sand, and 
the volume of the combined cement and sand exceeds by about 10 
per cent the volume of the voids in the stone or other material used 
for the aggregate. Concrete frequently is mixed in the arbitrary 
proportions of 1 part of cement, 3 parts of sand, and 6 parts of stone, 
and although the results have been satisfactory, the proportions may 
not be the most economical. 

The ingredients of the concrete should be thoroughly mixed 
with just sufficient water to produce a plastic mass, without any 
surplus water running from it. After mixing, the concrete should 
be deposited quickly in place, and brought to a uniform surface and 
thickness by raking, then tamped until the mortar flushes to the 
surface, then left undisturbed until set. The surface of concrete 
laid during dry, warm, weather should be protected from the drying 
action of the sun while the initial setting is in progress. This may 
be accomplished by sprinkling with water as frequently as the rate 
of evaporation demands or by covering it with a layer of damp 
sand, straw, liay, or canvas. During freezing weather it is customary 
to suspend tlie laying of concrete for the reason that alternate freez- 
ing and thawing disintegrate it. 

Mcanurifuj in the Stone and Sand. The simplest method 

for measuring the voids and one sufficiently accurate for the manu- 
facture of concrete is the ^^pouring method” in which a suitable 
vessel of known capacity (usually one (*ul)ic foot) is filled with the 
material, in which it is dcvsired to ascertain the voids. Water then 
is ])oiired into the vessel until its surface is flush with the surface of 
the material, ddie water is measured, and its amount is considered 
to equal the total of the voids. 

STONE=BLOCK PAVEMENTS 

Stone blocks commonly are emj)lo;\cd for ])avcmcnts wIhtc' 
traffic is heavy. The material of which tlu' l)locks arc' mad(‘ should 
possess siiffici('iit liardiiess to resist the abrasi\ e action of trallic, and 
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TABLE XIII 

S()ecific Gravity, Weight, Resistance to Crushing, and Absorptive 
Power of Stones 


Material 

Spskhtio 

Gravity 

Weight 
( lb. per 
cu. ft.) 

Resistance 

TO Crushing 
( lb per sq, in.) 

PBRfENTAClE 

OF Water 
Absorbed 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Granite 

2.60 

2.80 

163 

176 

12,000 

35,000 

0.066 

0.155 

Trap 

2.86 

3.03 

178 

189 

19,000 

24,000 

0.000 

0.019 

, Sandstone 

2.23 

2.75 

137 

170 

5,000 

18,000 

0.410 

5.480 

limestone 

1.90 

2.75 

118 

175 

7,000 

20,000 

0.200 


Brick, paving 

1.95 

2.55 



10,000 

20,000 




sufficient toughness to prevent them from being broken by the 
impact of loaded wheels. The hardest stones will not give neces- 
sarily the best results in the pavement, since a very hard stone 
usually wears smooth and becomes slippery. The edges of the 
block chip off, and the upper face becomes rounded, thus making the 
it very rough. 

i stone sometimes is tested to determine its strength, resist- 
ance Lu abrasion, etc.; but, as the conditions of use are quit(‘ dilhTent 
from those under which it may be tested, such tests are seldom 
satisfactory. However, examination of a stone as to its struct nns 
the closeness of its grain, its homogeneity, porosity, etc., may assist 
in forming an idea of its value for use in a })avem(‘nt. A low <l(‘gr<‘(‘ 
of permeability usually indicates that the mat(‘rial uill not 1 h‘ 
greatly affected by frost. For data see Tal)l(‘ XIII. 

Materials. Granite. Granite is em])lo\ (‘d mon* (‘\t(‘n^i\ (‘ly for 
stone-block paving than is any other vari(‘t\' of stoia- and because 
of this fact, the term “granite ])aving” is gi‘iuTall\ ummI as IxMug 
synonymous with stone-block paving. Th(‘ granit(‘ emploN nl should 
be of a tough, homogeneous nature. Tlu‘ hard, (piart/ granit<‘^ 
usually are brittle, and do not wear well imdiT tli(‘ blows of lior^(‘V 
feet or the impact of vehicles; granite containing a high p(Tccntag(‘ 
of feldspar will be injuriously affected by atmospheric cliang(‘s; and 
granite in which mica predominates will wear raj/idly on account 
of its laminated structure. Granite p{)ss(‘ss(‘s tb(‘ yrry important 
property of splitting in three ])laues at right angles to one anoth(‘r, 
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so that paving blocks may readily be formed with nearly plane faces 
and square corners. This property is called the rift or cleavage. 

Sandstones. Sandstones of a close-grained, compact nature 
often give very satisfactory results under heavy traffic. They are' 
less hard than granite, and wear more rapidly, but do not become 
smooth and slippery. Sandstones are generally known in the 
market by the name of the quarry or place where produced as 
^'Medina’’, “Berea"’, etc. 

Trap Rock. Trap rock, while answering well the requirements 
as to durability and resistance to wear, is objectionable on account 
of its tendency to wear smooth and become slippery; it is also diffi- 
cult to break into regular shapes. 

Limestone. Limestone usually has not been successfully em- 
ployed in the construction of block pavements, on account of its 
lack of durability against atmospheric influences. The action of 
frost commonly splits the blocks; and traffic shivers them, owing 
to the lamination being vertical. 

Cobblestone Pavement. Cobblestones bedded in sand possess 
the merit of cheapness, and afford an excellent foothold for horses; 
but the roughness of such pavements requires the expenditure of a 
large amount of tractive energy to move a load over them. Aside 
from this, cobblestones are entirely wanting in the essential requisites 
of a good pavement. The stones being of irregular size, it is almost 
impossible to form a bond or to hold them in place. Under the 
action of the traffic and frost, the roadway soon becomes a mass of 
loose stones. Moreover, cobblestone pavements arc difli(‘ult to 
keep clean, and very un])leasant to travel over. 

Belgian=Block Pavement. Cobblestones were dis])laccd by 
])a\emenls fornu'd of small cubi(*al blo(‘ks of stone. This type of 
})avement was laid first in Brussels, thence importi^d to Baris, and 
from then' tak(‘u to the United States, wlierc^ it has been widi'ly 
known as the “Belgiaii-block” ])avement. It has Ik'I'U largely used 
in New' ^"ork City, Brooklyn, and neighboring tow’iis, the materi<d 
being tra]) rock obtained from the Balisades on th(‘ Iludsoii Ui\er. 

The stones, being of regular shape, remain in })hice better than 
cobblestones; but the cubical form (usually 5 inches in each dimen- 
sion) is a mistake. The foothold is bad; the stones w’ear round; and 
the number of joints Is so great that ruts and hollow's are (piickly 
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formed. This pavement offers less resistance to traction than cobble- 
stones, but it is almost equally rough and noisy. 

Qranite*Block Pavement The Belgian block gradually has 
been displaced by the introduction of rectangular blocks of granite. 
Blocks of comparatively large dimensions were employed at first. 
They were from 6 to 8 inches in width on the surface, from 10 to 20 
inches in length, with a depth of 9 inches. They merely were placed 
in rows on the subsoil, perfunctorily rammed, the joints filled with 
sand, and the street thrown open to traffic. The unequal settlement 
of the blocks, the insuflSciency of the foothold, and the difficulty of 
cleansing the street, led to the gradual development of the latest 
type of stone-block pavement, which consists of narrow, rectangular 
blocks of granite, properly proportioned, laid on an unyielding and 
impervious foundation, with the joints between the blo(‘ks filled 
with an impermeable cement. 

Experience has proved beyond doubt that this latter type of 
pavement is the most enduring and economical for roadways sub- 
jected to heavy and constant traffic. Its advantages are many, 
while its defects are few. 

Admntages, 

(1) Adapted to all grades. 

(2) Suits all classes of traffic. 

(3) Exceedingly durable. 

(4) Foothold, fair. 

(5) Requires but little repair. 

(6) Yields but little dust or mud. 

(7) Facility for cleansing, fair. 

Defects. 

(1) Under certain conditions of th(‘ at mosplicri*. tlic Mirfacc of 
the pavement becomes greasy and slip[)er\ . 

(2) The incessant din and clatter ()(*ca>-ioiicd Ia the in()\emeiit 
of traffic is an intolerable nuisance; it is clainaMl by inaii\ j)li \ ^leiaii^ 
that the noise injuriously affects the ner\es and lu'alth of per^on^ 
wlio are obligefl to live or do bn.siiK'^s iii tlu* \ieiiiit\ of ‘^tr(‘(‘t'^ 
so paved. 

(3) Horses constantly einploxcd upon it soon suffer from tin* 
continual jarring jirodueed in tlaar legs and hoofs, and (|niekl\ 
wear out. 
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(4) The discomfort of persons riding over the pavement is very 
great, because of the continual jolting to which they are subjected, 

(5) If stones of an unsuitable quality are used — ^for example, 
those that polish — ^the surface quickly becomes slippery and exceed- 
ingly unsafe for travel. 

Blocks. Size and Shape. The proper size of blocks for paving 
purposes has been a subject of much discussion, and a great variety 
of forms and dimensions are to be found in all cities. 

For stability, a certain proportion must exist between the depth, 
the length, and the breadth. The depth must be such that when the 
wheel of a loaded vehicle passes over one edge of the upper surface 
of a block, the block will not tend to tip up. The resultant direction 
of the pressure of the load and adjoining blocks always should tend 
to depress the whole block vertically; where this does not happen, the 
maintenance of a uniform surface is impossible. To fulfill this re- 
quirement, it is not necessary to make the block more than 6 inches 
deep. 

Width, The maximum width of blocks is controlled by the 
size of horses’ hoofs. To afford good foothold to horses drawing 
heavy loads, it is necessary that the width of each block, measured 
along the street, shall be the least possible consistent with stability. 
If the width be great, a horse drawing a heavy load, attempting to find 
a joint, slips back, and requires an exceptionally wide joint to pull 
him up. It is therefore desirable that the width of a block shall not 
exceed 3 inches; or that four bloeks,"taken at random and placed 
.side by side, shall not measure more than 14 inches. 

Lvugih. 4410 length, measured across the street, must be 
sufficient. to break joints properly, for two or more joints in line lead 
to the formation of grooves. For this purpose the length of the 
l)lock should be not less than 9 inches nor more than 12 inches. 

Form. The blocks should be W'ell squared, and must not taper 
in any direction; sides and ends should be free from irregular jiro- 
jections. Blocks that taper from the surface downwards (wedge- 
shaped) should not be permitted in the wx)rk; but if any are allowed, 
they should be set with the widest side down. 

Manner of Laying IBocks. The blocks should be laid in parallel 
courses, with their longe.st side at right angles to the axis of the 
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formed. This pavement offers less resistance to traction than cobble- 
stones, but it is almost equally rough and noisy. 

Qranite«BIock Pavement. The Belgian block gradually has 
been displaced by the introduction of rectangular blocks of granite. 
Blocks of comparatively large dimensions were employed at first. 
They were from 6 to 8 inches in width on the surface, from 10 to 20 
inches in length, with a depth of 9 inches. They merely were placed 
in rows on the subsoil, perfunctorily rammed, the joints filled with 
sand, and the street thrown open to traffic. The unequal settlement 
of the blocks, the insufficiency of the foothold, and the difficulty of 
cleansing the street, led to the gradual development of the latest 
type of stone-block pavement, which consists of narrow, rectangular 
blocks of granite, properly proportioned, laid on an unyielding and 
impervious foundation, with the joints between the hloc'ks filled 
with an impermeable cement. 

Experience has proved beyond doubt that tliis latttT type of 
pavement is the most enduring and econoini<‘al for roadways sub- 
jected to heavy and constant traffic. Its advantagt*s ar(‘ many, 
while its defects are few. 

Admniages. 

(1) Adapted to all grades. 

(2) Suits all classes of traffic. 

(3) Exceedingly durabh*. 

(4) Footliold, fair. 

(5) Requires l)ut little repair. 

(G) Yields but little du^t <)r imal. 

(7) Facility for cleansing, fair. 

])rf(‘Hs. 

(1) I nder certain condition^ of thr a i luo .pben . tin- Nijrf.i< c <»f 
the pavement beconies grea^\ and slij)p»T,\ 

(2) The inee^^ant dm and clat Irr <M « a ''n)nM 1 l)\ ihr niuxriiifni 
of traffic is an intolerable nui'^anrr; it i'^flamied b_\ ni.iii\ jib', nian-, 
that the noise injuriously all‘eo|> tin- nor\r. and Inabli of pcr.(m^ 
who are obliged to Ii\e or <lo 1 )U-iim-''. in the \i(mit\ ot ir<‘et> 
so paved. 

(3) Horses constiintly eniplo\ed iqM)n it -^ooii -'iitirr from the 

continmd jarring produced in tbcir leg. and loM.f.. rpiickl\ 

wear out. 
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(4) The discomfort of persons riding over the pavement is very 
great, because of the continual jolting to which they are subjected. 

(5) If stones of an unsuitable quality are used — ^for example, 
those that polish — ^the surface quickly becomes slippery and exceed- 
ingly unsafe for travel. 

Blocks. Size and Shape. The proper size of blocks for paving 
purposes has been a subject of much discussion, and a great variety 
of forms and dimensions are to be found in all cities. 

For stability, a certain proportion must exist between the depth, 
the length, and the breadth. The depth must be such that when the 
wheel of a loaded vehicle passes over one edge of the upper surface 
of a block, the block will not tend to tip up. The resultant direction 
of the pressure of the load and adjoining blocks always should tend 
to depress the whole block vertically; where this does not happen, the 
maintenance of a uniform surface is impossible. To fulfill this re- 
quirement, it is not necessary to make the block' more than 6 inches 
deep. 

Width. The maximum width of blocks is controlled by the 
size of horses’ hoofs. To afford good foothold to horses drawing 
heavy loads, it is necessary that the width of each block, measured 
along the street, shall be the least possible consistent with stability. 
If the width be great, a horse drawing a heavy load, attempting to find 
a joint, slips back, and requires an exceptionally wide joint to pull 
him up. It is therefore desirable that the width of a block shall not 
exceed 3 inches; or that four blocks, 'taken at random and placed 
side by side, shall not measure more than 14 inches. 

Length. The length, measured across the street, must be 
sufficient to l)reak joints })r()perly, for two or more joints in line lead 
to the formation of grooves. For this purpose the length of the 
block sliould be not less than 9 inches nor more than 12 inches. 

Fonn. The blocks should be well squared, and must not taper 
in any direction; sides and ends should be free from irregular pro- 
jections. Blocks that taper from the surface downwards (wedge- 
shaped j should not be permitted in the work; but if any are allowed, 
they should be set with the widest side down. 

Manner of Laying Blocks. The blocks should be laid in parallel 
courses, with their longest side at right angles to the axis of the 
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figs. 79 and 80. The reason for this is to prevent the formation 
of longitudinal ruts, which would happen if the blocks were laid 
lengthwise. Laying blocks obliquely and ''herringbone’’ fashion has 

been tried in several 
cities, with the idea that 
the wear and formation 
of ruts would be reduced 
by having the vehicle 
cross the blocks diago- 
cro^ 3'ection ually. The method has 

Fig. 79. Section ''-a'- ,* '’■ -.i of Laying Stone- failed to give Satisfactory 

results; the wear was 
irregular and the foothold defective; the difficulty of construction 
was increased by reason of labor required to form the triangular 
joints; and the method was wasteful of material. 

The gutters should 
be formed by three or 
more courses of block, 
laid with their length 
parallel to the curb. 

At junctions or inter- 
sections of streets, the 
blocks should be laid 
diagonally from the cen- 
ter, as shown in Fig. 81. The reasons for this are: (1) to j)revcnt 
the traffic crossing the intersection from following the longitudinal 
joints and thus forming depressions and ruts; (2) laid in this maniKT, 
the blocks afford a more secure foothold for horses turning the 
corners. The ends of the diagonal blocks where they abut against 
the straight blocks, must be cut to the reciuired bc\'(‘l. 

The blocks forming each course must be of the same dc])th, and 
no deviation greater than \ inch should be i)erinittcd. ^l^he blocks 
should be assorted as they are delivered, and only those correspond- 
ing in depth and width should ba used in the same course, 'fiie 
better method would be to gage the blocks at the quarry. This 
would lessen the cost considerably; it would a\'oid also the incon- 
venience to the public due to the stopping of travel because of the 
refection of defective material on tlie crr/nnwl 
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Fig. 80. Plan of Stone-Block Pavement Showing Mcthnd 
of Laying Blocks 
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edly would be preferable to the contractor, who would be saved 
expense of handling unsatisfactory material; and it also would le 
the inspectors free to pay more attention to the manner in which 
work of paving is performed. 

The accurate gaging of the blocks is a matter of much imj 
tance. If good work is to be executed, the blocks, when laid, mus1 
in parallel and even courses; and if the blocks are not gaged accural 
to one uniform size, the result will be a badly paved street, with 
courses running unevenly. The cost of assorting blocks into lotj 
uniform width, after delivery on the street, is far in excess of i 



additional price wliicii would have to 1 h‘ ])ai(l for accurate gaging 
the quarry. 

Foundation. The foundation of the blocks must be solid u 
unyielding. A bed of hydranlic-ceinent concrete is the most suital 
and its thickness must be regulated according to the trallic; t 
thickness, however, should not be less than 4 in(‘hes, and need not 
more than 9 inches. A thickness of () inches will sustain traffic 
600 tons per foot of width. 

Cushion Coat. Between the surface of the concrete and the hi 
of the blocks, there must be placed a cushion coat formed of 
incompressible but mobile material, the particles of which read 
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and transfer the pressure of the traffic uniformly to the c'oncrete 
below. A layer of dry, clean sand 1 inch to 2 inches thick forms an 
excellent cushion coat. Its particles must be of such fineness as to 
pass through a No. 8 screen; if the sand is coarse and contains peb- 
bles, it will not adapt itself to the irregularities of the bases of the 
blocks; hence the blocks vAW be supported at a few points only, and 
unequal settlement will take place when the pavement is subjected 
to the action of traffic. The sand also must be perfectly frt^e from 
moisture, and artificial heat must be used to dry it if necessary. 
This requirement is an absolute necessity. There should be no 
moisture below the blocks when laid; nor should water be allowed 
to penetrate below the blocks; if such happens, the effect of frost 
will be to upheave the pavement and crack the concrete. 

Where the best is desired without regard to cost, a layer of 
asphaltic cement J inch thick may be substituted for the sand, with 
superior and very satisfactory results. 

Laying Blocks. The blocks should be laid stone to stone, so that 
the joint may be of the least possible width; wide joints cause 
increased wear and noise, and do not incTcase the foothold. Tla* 
courses should be commenced on each side and should be worked 
toward the middle; and the last st<»nc should fit tightl\ . 

Ramming. After the blocks have betui set, they should he wril 
rammed down; and the stones which sink h(‘Iow’ the general Irxcl 
should be taken up and r(‘plae(*d with a deeper st(»ne or l)r<»ught to 
level by increasing tiie sand bedding. 

The practice of workmen in\ariahl\ is to the raiiiimT o .i 
to secure a fair surface, ^riiisdoo^iiot gi\ e t la* result iiilcinl* (1 lo 1 m 
sceun‘d, but brings each block to an un\ lelding hearing. '\ la- le nli 
of such a surlaeiiig ])n)ee^s is to ]>r<Mluee an uiidghtly aial une\« n 
roadway when tlie prcNsure ol traflie is hronglit np<in it. M h* 
rammer li.se<l should weigh ia»t le'>'» than oU pmnai-. aiai lia\e .i 
diameter of not less than 3 iiielies. 

Fillings for Joints. All .stoiie-hha-k pa\ enamt ^ depend fur th. n 
w^ateri>roof (pialities uiion tlie character of tla‘ joint filling .loim 
filled w ith sand and gra \ el of eoiif'^e ar(‘ per\ ioii^. A grout of lime 
or e(‘m(‘nt mortar dot's not make a permanently waterpr<Mif joint , it 
hee()ni(‘sdi.sintegrate<I niah'r the \ ihration of traflie. An inip< r\ loiis 
ion it can he made oiil v hv emi )k filluurTti-wli. tVi .? > i l .i t ■ < • i . .. • • 
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or asphaltic material; this renders the pavement more impervious 
to moisture, makes it less noisy, and adds considerably to its 
strength. 

Bituminous Cement for Joint Filling. The bituminous materials 
employed are: (1) coal tar having a specific gravity between 1.23 
and 1.33 at 60 degrees Fahrenheit, a melting point between 120 and 
130 degrees Fahrenheit, and containing not over 30 per cent of free 
carbon. (2) asphalt, either natural or artificial, entirely free from 
coal tar or any product of coal-tar distillation, and containing not 
less than 98 per cent of pure bitumen soluble in carbon bisulphide. 
Of the total amount soluble in carbon bisulphide, 98.5 per cent must 
be soluble in carbon tetrachloride. The penetration, when tested 
by the Dow method, must be not greater than 110, at 115 degrees 
Fahrenheit, and at 77 degrees Fahrenheit must range between 25 
and ()(). The specific* gravity at (>() degrees Fahrenheit must not be 
more than 1 .00. 

''riie mode* of ajiplying the coal-tar fill(‘r is as follows: After the 
blocks an* laid, grave*! heated to about 250 degrees Fahr(*nlieit 
is si)r(‘ad ov(‘r the surface and sw(‘pt into the joints until tlu'V an* 
iill(‘d to a depth of about 2 inch(‘s. The blocks then arc* ramni(‘d. 
'riu* coal-tar filler h(*at<*d to a temp(*rat lire* b(*l\s(*(*n 2.'’)0 and .’>00 
d(*grees luibrc'iiheit is |)onr(*d into th<* joints until the\ an* about 
half fill<*d, hot gra\(‘l is s\\e|>t in until it r(*acli(‘s to vilhin *. inch 
of tin* surface, and h(»t filler is th(*n poured in until it is lliish with 
the* surface of tin* blo< k'-, after this snflieieiit hot gra\el i-. apj)he<l 
to tin* joint'i to eoiMM'al the filler. 

In a pj >1 N II ig the eo;il-t a r lilh*r it i c > mui t ial that hot h the gra \ el 
and filler are In at( d Miliieieiit l\ , ( )tln*r\\ i the lillei will be ( hilled 

and will not flow to the bot toui of the joint , but will form a thin la \ ei 
near t In* siirfaei*, w hieh innha' tin* a< t ion of frost and t he \ ibrat loii 
of traflle, will b(* cracked and broken up (piiekl\ ; tin* gr;i\el will 
settle, and tin* block', will lx* jarred loo a*, can iiig the Mirf.iM* of 


tin* pavement to beeoiin* a seiit*'. of rijlge-i and hollows, d'In* lillei 
should not lx* ap|>rn*d during a rainf.dl or whih* the bhx ks an* wet 
or damp, for sin b a condition would pn'Veiit tin* filler fioin ajlhering 
to tin* blocks. d'In* asphalt filler i > heated to a temj)erat nn* lx*t w <*en 
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Hydravlic-Cemmt Filler is composed of equal parts of Portland 
cement and sharp sand mixed with clean fresh water to a suitable 
consistency. The joints between the blocks are filled to a depth 
of 2 inches with gravel, and the blocks are rammed, after which 
the filler is poured into the joints until they are filled flush with the 
surface of the blocks. In dry weather the blocks should be mois- 
tened by sprinkling with water before applying the filler. After 
the filler has taken its initial set, the whole surface of the pavement 
is covered with a layer of sand about J inch thick and if the weather 
is dry and warm it is sprinkled wnth w'ater daily for three days. 
Traffic is not permitted to use the pa\'ement until at least seven 
days after completion. 

Stone Pavement on Steep Grades. Stone blocks may be 
employed on all practicable grades, but on gnid(‘s exceeding 10 
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per cent, <’ol>!>lestoneN 
all'ord a better fo<»thold 
than blocks. ''['Ik* cob- 
bl<‘sto^c^ should bcof uui- 
fonn length, the length 
being at least t\\ i<’e the 
l)rca<ltli -a\ ‘>innc^ (» 
inchc'> long and 'J \ inrlio . 
to infill’^ in di.iim ti r. 


These should be set on a coiicrett* hnindation, lai«l stone to tnnr. 
and tli(* inlerstices filled with ccincnt grout or hitiniiiiioiu < onu nt . 
or a hituniiiious-coiKTctc foundation mas be cmplciw-d .Mud thr- 
ill tr-r'f b( t u i-r n t III 

aoin*> ni;i \ I n llllcr 1 with 
.i phalti <■ ji.i \ IliL’' ' r-IlM Ilf 
>liollld stoin‘ Mix L ill 
[irciVrrcri, tlir\ mu t br 
laid, W lien t hr gr.n h- r \- 
{ rrd> r> piT ( Mit , With .i 
''crratrd urfiu < . hs < it 1m r 
of tlir iiM tliod ^ ^ how 11 III 
Idgs. S2 and S.J. d lu‘ nictho<! sh«)wn in i-’ig S'J coii-i^ts in s|i^ditl\ 
tilting th(‘ blocks on tlieir he<l so as to form a scries of ledges or 
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method shown in Fig. 83 consists in placing between the rows of 
stones a course of slate, or strips of creosoted wood, rather less 
than 1 inch in thickness and about 1 inch less in depth than the 
blocks; or the blocks may be spaced about 1 inch apart, and the 
joints filled with a grout composed of gravel and cement. The 
pebbles of the gravel should vary in size between i inch and f inch. 

BRICK PAVEMENTS 

A brick pavement consists of vitrified bricks laid on a suitable 
concrete foundation, Fig. 84. 

Qualifications of Brick. The qualities essential to a good 
paving brick are the same as for any other paving material, viz, 
hardness, toughness, and ability to resist the disintegrating effects 



I u' t lion MifiwiiiK .Mcihoil Ilf I,n\inK NiIiiIkmI Muck 


of NMiftT Mini fro-it. "riit'st* (Hiali(i(‘s inipjirlod lo tin* hi'ick hy 
;i of Miiiic.'iliii^, tliroii^di which (Im‘ c1;i\ is hroii^dit lo lh(‘ 

jioiiit of fii'ioii, ;m<l ihc IicmI iIkmi ^nMlualI\ reduced until the kiln 
i-i cold 

< 'iiiii jiiisifnm . d'hc fimt<‘rud froiu which is made (Ik* iiiajorily 
of the hiii'k ii'cd foi j)a\iii;^ i^ a shale. Shah's an* iiidiiratcil cla\^ 
with a laiiiinali'd Uiii«-tiirc and the a j)|)caranc(‘ of slah', and occur 
in stiatilied d'lic a\cra;j:c coinj)osilion of the shales that 

ha\c |)i'o\cd -.all fact(»r\ for tla* inamifactinc of j)a\iii;^^ hrick is 
show n in 'I'aMc .\ 1 \ . 

An c\( c of silica cane's }»ril 1 h'lic^s; or an (‘\<‘<‘ss of ahiniina 
caiiNcs shriiikiii^, < rackin^^ and warjiiii^. Iron renders tlu* clay 
fusihh* and makes the liriek inon* hoinoi^em'ons. Lime in the form 
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TABLE XIV 


Average Composition of Shales for Paving- 
Brick Manufacture 


CONBTITUKNTB 

PHOPUETIONAI 
PAitT 
(par rent) 

(Non- Fluxing) 


Silica 

56.0 

Alumina 

22 0 

Water and ioes on ignition 

7 0 

Moisture 

2 0 

(Fluxing) 


Sesquioxide of iron 

7 0 

Lime 

1 0 

Magnesia 

1 0 

Alkalies 

4 0 

Total 

UK) 0 


decrease the strength of the brick; at a high temp<»ratur(» it is cliangtHl 
into caustic lime, which, while rendering tJie clay more fusihlr, will 
absorb moisture upon exiK>sure to the w'catiier and tlins caiisr tlu* 
brick to disintegrate. Magnesia exerts but little influenee on ;li<* 
character of the brick, ^^le alkalits in small <|uantiiii*-. render 
the clay fusible. 

CdIdt, I'he color of tlie clay is of no praetioal import anrr . 
it is due to the ])resciic(‘ of tin* metallic o\idt‘s and organ!** '-nl»-tanro 
Iron ])n)< luces bricks which an* cither hmI, \ cllow . <»r Mi ir. io * online 
to the quantity ])rc.seiit and the degree of limi ; some organic iih- 
stanc(‘s ])r()dnce a hliic, l)lni>h-gra\ , or black <*olor. 

'Tlie color of the l)ri<*k is go\crn<*d {)artl\ b\ tin- < oldp <4' 1 1n- 
clay, hy th(‘ tcinpcratnrc of burning, b\ tin* kind of tin 1 n mI. .mil 
by the sand that is n^-d ti) pn*\<*iit tin- bri( k from tn him: to the 
(li(‘S or to (‘ach other in the kiln. 

M an ujdcf lU'c. In tin* iiiannfact nn* of tin* brn k, tin- hale i- 
crnsh(‘d nsnall\ in (lr\ paw^aml tin ii pa-'a-d thmn^di a l-im h or 
an S-nu'sli s(*rc(‘n. d'In* s(*rccncd material i^ mi\«i| with w.it«r in 
a png mill to the n*(|nirc<l coii-'i''tcin-\ . d lic tim-r tin- inati rial 
is ernshed and tin* iiior** thoronghl\ it i^ worked or timp<n<l in 
the mill, the more* niiiforin ainl better the l}ri<-k is. 

The ])lasti(* clay, in the “stiir-mnd” j)roee->s, as it lea\e- the jmg 
mill is forced bv an anenT thromdi a die whirh fnrn.^ m l.,.r df .tiit 




HIGHWAY CONSTRUCTION 


135 


clay of the desired dimensions, and this is cut by an automatic cutter 
into bricks of the size required. The bricks then, in some factories, 
are repressed in a die, during which the edges of the brick are rounded 
and the lugs, grooves, and trade-mark stamped on the sides. When 
repressing is not practiced, the bar of clay as it comes from the pug 
mill is cut by wires, the brick being called 'Vire-cut lug” brick. 

The bricks, made by either method, are placed in a heated 
chamber to dry, this requiring from 18 to 60 hours according to the 
clay, temperature, and plant arrangement. When dry the bricks 
are stacked in the kiln, which is usually of the down-draft type with 
furnaces built in the outer walls. The bottom of the kiln is perfo- 
rated to allow the gases to pass through to the flues placed below the 
floor and connected to the chimney. The heat from the furnace 
passes upward into the kiln, then downward through the bricks 
into the flues and thence to the chimney. At the beginning of the 
burning the heat is applied slowly to drive off the contained water 
witliout cracking the bricks. When the dryness of the smoke 
indicates the absence of moisture in the bricks, the fires are gradually 
incn‘as(‘d until the t(‘inperature throughout the kiln is from 1500 
to 2()()0 dcgrc(‘s Kahnuihcit, this tenii)erature l)(‘ing niaintaiiu'd from 
sc\cn to ten days. ''Flu* kiln tluui is clos(*d, tli(‘ fir(‘S an* drawn, and 
the l)ricks an* allo\Ncd to cool. '^This ]>art of tlu* ])roc(‘ss is calk'd 
annealing, and to |)roduc(' a tough brick n'ciuiri's from s(‘V(‘n to t(‘n 
da \ s. ''FIk* cook'd brick.s an* sort(Ml into <lillcrcnt. lots; tlu* No. I 
pa\iiig l)rl<-ks arc g<‘iicrally found in tin* uj)j)(‘r lau'rs in tlu* kiln. 

N'/‘.ov. Two .si/cs of bricks an* made: oik* si/(‘ nM'asiiring S\y 
- 1 inches w cigliiiig about 7 pounds and rc(iiiiriiig bS to tin* s(inan‘ 
\ar(l. Tin' other, measuring SJ, X 1 incli('sand fn'Cjucnt ly <-alk'<l 
“blocks”, wciulis about pouials and n'ciuin's 15 to tin' s(man‘ 
\ ard. 

( nshrs. OIk' charact crist ics of bri<‘k suitabk' for pa\ing 
arc not to Ix' acted upon b\ acids sliak' bricks not to absorb mon* 
t ban l! j)cr cent nor less than I of 1 per cent of t heir w eight of water, 
and cla\ bricks not to absorb more than (> |)cr cent of tlu'ir wi'ight 
of wat('r (the absorjition b\ a shale brick of k'ss than \ of 1 jier <‘cnt 
of its Wi'ight of wat<‘r, indicatc's that it has bc(*n ovt'rbiiriK'd) ; when 

Kr<tL<>T) *1 !» fl<*usf‘ fk»si‘-irrnm<*(I ^irnctnrc Ircc 
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spall, or chip, when quickly struck on the edges; hard but not 
brittle. 

Tests for Paving Brick. To ascertain if brick possesses the 
required qualities they are subjected to three tests: (1) abrasion 
by impact (commonly called the “rattler^* test); (2) absorption; 
(3) cross breaking. 

The Rattler Test The rattler is a steel barrel 28 inches long and 
28 inches in diameter, the sides formed of 14 staves fastened to two 
cast-iron heads furnished with trunnions which rest in a cast-iron 
frame. It is provided with gears and a belt pulley arranged to 
revolve at a rate of from 29^ to 30§ revolutions per minute. The 
material employed to abrade the brick is spherical balls of cast iron, 
the composition of which is: combined carbon, not less than 2.00 jH*r 
cent; graphitic carbon, not more than 0.10 per cent; silicon, not more 
than 1 per cent; manganese, not more than O.oO jht <rnt; phos- 
phorus, not more than 0.25 per cent; sulphur, not in{»rc than O.DS 
per cent. Two sizes of balls or shot are used, the largcT being 3.75 
inches in diameter when new aiul wcigiiing about 7J pounds, tlic 
smaller being 1,875 inches in <Iiainet(T and wcigliing n.!)5 pounds. 
A charge consists of ten large shot with (*nough small shot to make 
a weight of 300 ])ouii(ls. The shot is UM*d until the large* d/<* i . worn 
to a weight of 7 pounds and tin* small shot is worn t(» a 5i/(‘ that will 
pass through a circular hole Ij inches in diametrr maiir in a (a>t- 
iroii ])late J-inch thick. 

he l)rick to la* tested an* sul»jectcd to a trmpri.il iir»* of loil 
degrees Fahrenheit for thret* IkmiT'^. Tni hriil.^ an* w«iL:lnd ami 
phued ill the rattler with a charge of *-j)hcri« al slmt . and t hr i.o th r 
is rev()l\(‘d for ISdO re\olntion^. Th<* hri< k-. tin n arr i.il • n <.iii, 
])iec(*s less tliaii 1 j)oimd in weight aic reinosMl and the ImI.iiim* 
W(‘igh(‘d. From th(* weights h<*f(»re and afirr ranliiig the jMii«n!- 
age ot loss is calculated, d lu* lo>s rangC'* fouii Mlp»r<Mii Injur 
cc'iit. ]5ri( k to h(* i:,M (1 umler hea\ y trafhe 'hould not lo < inme t haii 
22 i:er (cnt, ai d for light trafhe not iiioie tlian L’s j » r < « nt. 

Ah.soi Test, d he ahM)r|)tion ti-n iii.nir i.n li\c l.ri<k^ 
that liave Ixcii through tin* rattler tt>t. d’he\ are w.i-1im 1. and 
tiie iiiiiiiersed in wjiter fords hours, then are taken cut and w« ighed, 
witli the sur])lus W'ater wi{)ed off. From tin* weiglit^ lx fop* ami after 
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Cross-Breaking Test. This test is made by placing a brick edge 
on supports 6 inches apart. The load is applied at the center of 
the brick, and is increased uniformly until fracture occurs. The 
average of the result on ten bricks is used ip computing the modulus 
ZWIj 

of rupture, i?= which W is the average breaking load in 

pounds, L the length between supports in inches, b the breadth, 
and d the depth in inches. 

Brick-Pavement QualilRcations. Advantages. The advantages 
of brick pavement may be stated as follows: 

(1) Easy traction. 

(2) Good foothold for horses. 

(3) Not disagreeably noisy. 

(4) Yields but little dust and mud. 

(5) Adapted to all grades. 

(G) Easily repaired. 

(7) Easily cleaned. 

((S) But slightly absorbent. 

(G) JMeasing to the (‘y(‘. 

(10) E\p(‘<litiously laid. 

(11) J)urabl(‘ un<l<T rno(l(Tat(* traflie. 

Defects. ddi<‘ principal defects of brick pa\’<‘in(‘iits ari.s(‘ from 
lack of uniformity in tin* (piality of th(‘ bricks, and from th(‘ liability 
of incorporating in tin* jiax ('incut bricks too soft or too jiorons a 
structure, Nshich crumbh's under tin* action of trallic or frost. 

l^)iiiulation. A brick jiaxcnu'nt should ha\('a (inn foundation. 
As tli(‘ surfaci' is made uj) of small, independent blocks, each oik' 
mu>t !)(' supported adc(juatcl\ , or tin* load coming upon it nia\ forci' 
it downwards and caii^c' unc\ enne^'^, a condition which (oiidiicc^ 
to th(' rapid destruction of tin* pa\(‘mcnt. Scxcral forms of founda- 
tion ha\c bc(‘n u cd such as gra\cl, jilaiik, sand, brok('ii stoiu', 
and concrete, d'lu' la>t mentioned is tlu' best. 

Sand Cushion. 'I’Ik* sand cu-^hion is a la\cr of sand |ilac('d 
on toj) of th(‘ coiicrcti' to form a bed for tin' brick. IVacticc regard- 
ing th(' depth of this la\(‘r of sand \aries coiisidcu'ably. In some 

ca.s(‘S it is only A inch d(‘cp, var\ing from this uj) to d inelu's. 'Hie 
- 1 . .. n: j :.,..ni ^ ,...i,. r. 
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pavement less hard and rigid than would be the case were the brick 
laid directly on the concrete. 

The sand is spread evenly, sprinkled with water, smoothed, 
and brought to the proper contour by screeds or w’otKlen templets, 
properly trussed and mounted on wheels or shoes which bear upon 
the upper surface of the curb. Moving the templet forward levels 
and forms the sand to a uniform surface and proper shape. 

The sand used for the cushion (X)at should be clean and free from 
loam, moderately coarse, and free from pebbles exceeding J inch 
in size. 

Manner of Laying. The bricks should be laid on e<lge or on 
one flat, as closely and compactly as possible, in straight courst‘s 
across the street, with the length of the bricks at right angles to 
the axis of the street. Joints should be broken by at least 3 indies. 
None but whole bricks should be used, except in starting a (‘ourse 
or making a closure. To provide for the expansion of f lu^ pavement, 
both longitudinal and transverse expansion joints an^ used, the 
former being made by placing a hoard templet J-imh thick 
against the curb and abutting the brick ther(‘to. 'riie tnins\rrst‘ 
joints are formed at intervals varying between ‘io and ."0 iVrt, b\ 
placing a templet or building lath g-ineli thick betueen tun nr three 
rows of briek. After the hrieks are rammed and ready for gminin^r. 
these tcmi)lets are removed, and the .spae(*s so Ifft an* filled \\iih 
eoal-tar pitch or asphaltic ])a\ing cement. Tin* aiiHHint nf pitdi 
or cement reejuired will \ary betueen I and \ \ j>nnihU p« r Mjii.in' 
yard of })avement, dejx'iiding upon the uidtii nf the ji.nit >. \li. r 
^oor 3()f(‘et of tlu* ])a\ cineiit islai<l, e\ cry part nf it '^Inmld 1»« r.inmiMl 
witli a ranim(‘r uei^diiiig not le'^^ than .’ll jhiiiikU and tin* luhL 
which sink 1)(‘1()W tlie general Ie\el slmnld !><• remn\«d. iilli. it m 
sand being addtxl to raiM* the hri<*k to the recjiiirfd l«\tl Athr 
all ()l)j(‘eti()nai)l(‘ brick ha\e been reinnvrd, tin* ''iirt.n f Imiilil In- 
su(‘pt el(*an, tluai rolled uitli a st<*am n»ller unginng fmm tn h 
tons. The <)bj(‘et of rolling i-. to bring the bri« k^ to an iin; n liling 
Ix'ariiig with a jilaiu* surface; if tliN l^ not doiir, thf ji.i\t im nt 
will he rough and noisy and u ill lack durabilit \ . Tlie rolling liitiikl 
he executed first longitudinallx , begiiiiiiiig at tin* crown ami ut.rking 
toward tin* gutter, taking care that each return trip <tf the roller 

.i/.f If' Iw. ... T.i. ......... .. 4i... , i:.. . 4.:. <1 . .1 
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passage may neutralize any careening of the brick due to the first 
passage. 

The manner of laying brick at street intersections is shown in 
Fig. 85. 

Joint Fillings. The character of the material used in filling 
the joints between the brick has considerable influence on the success 






III.' ''I Ml I In 1(1 Ilf I ii\ iii^ Mi ii K t lit M f ( I I 1 lit I I I I I II >11 I 

iiiitl (liiraltilil \ of tlic juiNriiifiit. X iirMnis iiialt'naU lia\<‘ hnai 
ii-^ftl a^ sand, ctial-lar jiitfli, asphalt, niixiun''. of coal tar 

and asphalt, anti I'ortlanil ccincnt, l)(‘si(h‘s xaiaoii-^ patented tillers, 
as “M urph \ \ ^Toiit ”, which is made* rroin ^n-omid sla^^ aiul cement. 
Matli material has its advocates, and tlun'c is iniieli <litlerene(‘ of 
opinion as to which i;i\es tin* best resnlts. 

d'he he^t rcsidts seimi to lx* obtained b\ iisinu a liiLdi j.,Tad(‘ of 
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composition; the presence of the lime increasing the tendency of 
the filler to swell through absorption of moisture, cauung the pave- 
ment to rise or to be lifted away from its foundation, and thus 
producing the roaring or rumbling noise so frequently complained of. 

The Portland-cement grout, when uniformly mixed and care- 
fully placed, resists the impact of traffic and wears well with brick. 
When a failure occurs, repairs can be made quickly, and, if made 
early, the pavement will be restored to a good condition. If, how- 
ever, repairs are neglected, the brick soon loosen and the pave- 
ment fails. 



FiK S(1. flrollt liox I -rfl 111 I II' iTii; Mn 1 I ' ( 
Cimrlt'iii Ilf rnunu Jin, I l/iin'i'i.fi . I i / 


The olficc of ii filliT !.■> to prrvnil wj.icr fn.in rc;n Imi/ i In h.iinil.i- 
tion, <111(1 to protect tli(* (mI^cs oi the hrii k pnllii'^.’' iiiiih r 

traflie. In order to in(‘el hoth of the-e reijinrerm m . ('ii\ jMiiil 
must hti filled to th(‘ t(»p, and iiiii-^t reimdii w » .m hl: d< • v ii with 
the brick. Saiici does not meet the-e n (piiri im nl Miln-u^di at 
first makiii^^ a ^^ood filliT, bein;; iiie\j)en i\ r and n-dia iin: tin h.diilit \ 
()1 the pav(‘meiit to l)c lUji-N, it .mkui wadie^ out. h.]\iiiL: iln edL:« ^ 
of the brick iinproteetial and eon->e(jiieiii 1 \ li.d)le tn lx ihipjwd. 
Coal tar and the ini.xtures (>f coal tar and asjihall ha\ e an ad \ antaL:e 
in rendering a pavement h'ss noisy and in cement in;.: tla r an\ 
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but, unless made very hard, they have the disadvantage of becoming 
in hot weather and flowing to the gutters and low places in 
the pavement, there forming a black and unsightly scale and leaving 
the high parts unprotected. The joints, thus deprived of their filling, 
become receptacles for water, mud, and ice in turn; and the edges 
of the brick are broken down quickly. Some of these mixtures 
become so brittle in winter that they crack and fly out of the joints 
under the action of traflSc. 

The Portland-cement filler is prepared by mixing 2 parts of 
cement and 1 part of fine sand with suflScient water to make a thin 
grout. The most convenient arrangement for preparing and dis- 
tributing the grout is a water-tight wooden box carried on four 
wood wheels about 12 inches in diameter, Fig. 86. The box 
may be about 4 feet wide, 7 feet long, and 12 inches deep, furnished 
with a gate about 8 inches wide, in the rear end. The box should 
be mounted on the wheels with an inclination, so that the rear end 
is about 4 inches lower than the front end. 

Following are the successive operations of ])la(‘ing the filler: 
The cement and sand are jdaced in the box, and sudicient water is 
added to inak(‘ a thin grout, '’riie grouting l)ox is locat(‘d about 
12 f(‘(‘t from the gutt(T, the (uid gat(‘ optMU'd, an<l about 2 cul)i(* 
f(*et of th(‘ grout allou(Ml to flow out and run ov(‘r tlu' to]> of th<‘ 
l)rick (can‘ being takiai to stir tli(‘ grout whik‘ it is Ix'ing dis- 
charg(‘d), l*'ig. S7. If tlu‘ brick an' mtv dry, th(‘ ('utin' surface^ of 
tin* ])a\enu*nt should lx* wet thoroughly with a Iiom* befon* aj)pl\ing 
tin* grout; if not, absorption of tin* wat(*r from tin* grout by tin* 
bricks will prc\ent adh(*si<»n betwe(‘n tin* bricks and tin* <‘cmcnt 
grout. The grout is swept into t In* joint s b_\ ordinarw bass brooms. 
After a length of about 100 le<*t of tin* pa\(‘ment has Ix'cn eo\ (‘H'd 
tin* i)o\ is returned to tin* starting point, and tin* op(‘ration is 
repeated w it h a grout somew hat t liieker t han t In* first . I f t liis .second 
application i^. not snflicient to fill the joints, tin* operation is rep(‘ated 
as often as ina\' In* nee(*ssar\ to fill tln*m. If the grout has b(‘(‘n 
inad(‘ too thin, or tln*gra(h* of tin* stre(*t is so great that tin* grout 
will not remain long enough in ])lace to s(*t, dry c(*nn'nt may In* 
sprinkh*d o\ (*r tin* joints and sw(*pt in. After tin* joints an* iill(*d 
»w»mT>letel V and iusoected. nllowimr thr(*(* or four hours to intt*rv(*ne. 
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of about i inch, and the roadway barricaded, and no traffic allowed 
on it for at least ten days. 

The object of covering the pavement with sand is to prevent 
the grout from drying or settling too rapidly; hence, in dry and 
windy weather, it should be sprinkled from time to time. If coarse 
sand is employed in the grout, it will separate from the cement 
during the operation of filling the joints, with the result that many 
joints will be filled with sand and very little cement, while others 
will be filled with cement and little or no sand; thus there will be 



f 1/ '''' ( 'itul I 111 1 1< II I iii^r '1 iiiiU 

< n /i / I'l I jthnlf /'iiiMii; < ,, 

/•-Mil .//..I. .1.1 


iiiaiiN siKit-i ill (lie j );i \ (‘iiiriil in \Nlii<’li no Ixnid i^. loiincd Ix'lwrcii 
t!u‘ drick^, ;iiid under the aetieii of tnillie tlies<‘ jiorlioiis ({iiii'klN 
\N ill IxM (HIM' <lelVe( w e. 

d’he eoal-tar lill<T Ix’^l a|)j»li<‘d 1)\ pouriiij; lli<‘ material troiii 
iiueket and dromimij^ it into the joints with wiu' hroonis, an<l in 
order to lill tln‘ joints (‘lleet nails , it must, lx* use<l onls wlu-u sers 
hot. d’o secure t his <‘ondit ion, a h«‘atinj^ tank on wheels is necessary, 
hi^- It should ha\(‘ a capacity of at li‘ast T) barrels, and lx* kc|>t 

• it •! nnir<irin 1 1 *1 n T \iTii t ! I * sdl rhi\' ( )ne mail Is llCCl'ssarS 1o Iccd 
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the buckets from the heating tank to a third, who pours the material 
over the street. The latter starts to pour in the center of the street, 
working backward toward the curb, and pouring a strip about 2 feet 
in width, A fourth man, with a wire broom, follows immediately 
after him, sweeping the surplus material toward the pourer and in 
the direction of the curb* This method leaves the entire surface 
of the pavement covered with a thin coating of pitch, which 
immediately should be covered with a light coating of sand, the 
sand becoming imbedded in the pitch. Under the action of traffic, 
this thin coating is worn away quickly, leaving the surface of the 
bricks clean and smooth, Fig. 89. 

Tools Used by Hand in the Construction of Block Pavements. 
The principal tools required in constructing block pavements com- 
prise Iiannnerft and rammers of varying sizes and shapes, depending 
on tlic material and size of the blocks to be laid; also crowbars, sand 
screens, and rattan and wire brooms, (^)bblcstones, square blocks, 
and brick r(‘<niire (lilhTcnt types both of hainnuT and rammers 
for adjn.sting tlicrn to })lace and for forcing IIkmu to tlu‘ir scats. 
A <‘ol>l)h‘stoiu* rainiiUT, for cxamjdc, is usually nuuU' of wood (gener- 
ally locust) ill tlM‘ shape of a long truncat(‘d coiu‘, l)aiid(‘d with 
iron at top and bottom, W(‘ighing about ’10 pounds, and having 
two handles, oik* at tin* top and aiiotlun* on on(‘ si(l(‘. A Hi'lgian- 
block ramiiKT is .slightly lieaxier, con.si.st ing of an nj)j)er ])arl of 
wood set in a steel base*; while a raimiuT for graniti* blocks is still 
heavier, comprising an iron bas(‘ with east-st(‘(‘l fact*, into wliieli 
is set a locust j)liig with hickory bandh's. h'or laving brick, a 
vvnodeii rammer shod with east iron <»r steel and weighing about 27 
poniaU i ^ n >ed. A light rammer of about ‘JO j)oun(K weight , eonsi^l- 
ing of a na tallie ha ^e attaeluMl to a long, slim, woodiMi liandk*, i> 
n for mi 'eellaiiei 111 ^ Work, sueli a >. tamjiing in lieiiebes, next to 
elll b ( t e. 

Coiierctc .Mixing Macliiiie. Where largi* ( jiiaiil it ies of I’onen'ti' 
an* re< jiii I < d , a ^ in 1 li<* f uinda t ions of improv ed pa v eineiit s, eoiieu'ti* 
ean be prepared inoia' expetlit ioU'l\ and eeononneallv by the use of 
iiK’ebanieal mixer., aial the ingredients will hi* mixed iiion* tlioroiiglilv 
than by band. 'Jlioroiigb Incorporation of tin* ingn'dii-iits is an 
es.>ential (*Ieineiit In 11 k‘ oiialitv of a. eonereti*. When mi\(‘d b\' 
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depends upon the proper manipulation of the hoe and shovel. The 
manipulation, although extremely simple, is rarely performed hy 
the ordinary laborer as it should be unless he is watched constantly 
by the overseer. 

Several varieties of concrete-mixing machines arc in the market, 
all of which are efficient and 6f good design. A (convenient {K)rtuble 
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WOOD-BLOCK PAVEMENTS 

Wood-block pavements, Fig. 91, are formed of rectangular blocks 
measuring from SJ to 4 inches wide, .5 to 10 inches long, and 4 inches 
deep, impregnated with creosote, or other preservative, laid, in a 
bed of Portland-cement mortar spread upon a concrete foundation, 
with the joints between the blocks filled with either Portland-cement 
grout, or a bituminous filler. 

The wood used is obtained from the long-leaved yellow pine 
(pinus palustrus), lob-lolly pine (pinus taeda), short-leaved pine 
(pinus echinata), Cuba pine (pinus heterophylla), black gum (nyssa 
sylvatica), red gum (liquidambar styrraciflua), Norway pine (pinus 
resinosa), or tamarack (larix laricina). 

The wood should be cut from sound trees, free from cracks, 
snakes, and knots. 

The great enemy of 
wood j)aveinent is de(‘ay 
due to a low form of 
])Iant Iif<‘ calh'd fungi. 

Tlu* fungi attack th(‘ 
wood from tiu' outsidt*, 
and if tli(‘ wood is in tlH‘ 
riglit c<»ndition for tlu* 
spores to grow , t licy ulti- 
matcl\ will pcnctrat<‘ tin* entire st met iin* of th<‘ wood. T1 i(T(‘ 
jir»* three ela^M's of Fungi: oni* which attacks all j)arts of th(‘ 
wood structure; another wliicli attacks th<‘ ccllulosis and a third, 
whi<‘li i^ th(‘ mo t conimoiu and attacks only th(‘ lignin th<‘ nauu' 
(»F th(‘ man\ <»rganic substances that an* incruUed anumd the ccllu- 
In c, aiul which witli the latter constitute the* (‘sMSitial part of woo<l\ 
ti>“-nc Ik'I'c the Fungi di'-s)l\c tlu* ligmn and tlu' <-clhil(»s(‘ to mal\(‘ 
Food for their <lc\ clopmcnt . Ib-at, air, and mon.tnr(‘ an‘ iK'ct'ssary 
to t Ik* c\i Ucia c of the Fungi; wilhonl aii\ one oF (lies* chniciils 
thc\ cannot li\c. 'To dc-tro\ the Fimgn-. liFc and prcssNc wood 
From dc(a\ mans' pro<C'''C'^ ha\c been <1cn1''<'(I, the oik* that sci’iii'* 
to meet tin* rc< pnrement betti-r than an\ other i^ tlu* process oF 
cH'Osot mg. 

Creosolini?. d’his i)roc<*ss <*onsists in impn'gnating tlu* wood 
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has been removed; Its effect on the wood is to coi^^te the albu- 
men and thereby prevent its decomposition, also to fill the pores of 
the wood with a bituminous substance which excludes both air and 
moisture, and which is obnoxious to the lower forms of animal and 
vegetable life. 

The coal-tar creosote oil is used without admixture or adultera- 
tion with other oils or tars. Its characteristics are: specific gravity, 
1.03 to 1.08, at a temperature of 100 degrees Fahrenheit; contain 
not more than 5 per cent of tarry matter, nor more than 2 per cent 
of water, and not more than 8 per cent of tar acids, 99 per cent to 
be soluble in hot benzol; when subjected to distillation at gradually 
increasing temperatures up to 400 degrees Fahrenheit not more than 
5 per cent of distillate shall pass over, at 450 degrees not more than 
35 per cent, and up to 600 degrees Fahrenheit not more than 80 [mt 
cent; after complete distillation not more thun 2 c<'nt of coke 
!iall remain; upon sulphonating a sample of the total <lislillat<', the 
residue shall not exceed 1 per cvut. 

¥ot applying the creosote to the wcxxl, s<‘veral inethodN an* 
followed. The one in most favor for j)a\ing l)l(^ck^ is the “pressure 
process”, which essentially consists in: (I) steaming the for 

the purpose of liquefuiig the sap and (»ther siibstaiiees eontaim d in 
the intcrfihrous spact's; (‘Jj creating a ^aemlm f«»r tlie piirpi. e 
removing the licpicficd suhstam-es; Cii inje<’ting the «renM.ir und<T 
pressure. 

The operation is jxTfonned in iin'tal eNlimlrrs <all«d "n tort 
0 or nior(‘ f(‘et in diameter and of aii\ de-ired Infill, n ah. ait 

100 fe(‘t. "J'Ik* load of bloc ’k'^, ealle(i a **(‘liar;.je , i. pl.n.d iijmn 
metal ears called “huggie^” and is run into the n-inrl « ■ hn.h !. iho 
ends of which then are lierinetica!l\ (lo^r.i uiih “Im.i.I ” or <lo<,r .. 
Steam, at a gag(‘ pn‘'^>iir<* \ar\ing t'roni 15 poiin.h to 15 p..ini.| p, r 
s(iuar(‘ inch, is a<lmitted to tin* retort nn oim* pl.mt a \a. mim i. 
first (Teat(‘(lj and tiu‘ ])re‘^^ine maintained tor ^■\.ral luair \\ li< n 
the operator considers that the steaming ha ^ h. < n < out 1 1 1 m i ] a njji- 
eieiit lengt h ol time, t lu‘ prodn<'t > ot eoiulen -at ion a i e r« iiio’ . . 1 } i nm 
t 1 k‘ r(‘t ort t li n )ngli a hh )\\ -oil cock in the Ik » t t ( »in , w 1 1 < n 1 1 1 1 % i ^ a < < . n 1 1 - 
plislied ail air cxliaiist, or \acinim pump i^ j)iit in <.pcr.iiion, and a 
\'ac*nnin of from JO incln‘s to ‘JO inches i'^ created and maintaine<i 
tor ahfiiit /nte hmir Mt tlw. onJ « l.n.I. : n i 
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to flow into the retort until it is filled. A pressure pump then is 
started to force the creosote into the retort until the pressure reaches 
100 pounds to 150 pounds per square inch. This pressure is main- 
tained until the required amount of creosote has been injected in 
the wood, then the surplus is drawn off, the heads opened, and the 
charge withdrawn. 

The amount of creosote injected into the wood varies from 10 
pounds to 22 pounds per cubic foot of wood. The amount is deter- 
mined primarily by measuring the tanks and is verified by testing 
sample blocks. A sample block is bored entirely through in the 
direction of the fiber with an auger 1 inch in diameter, the hole 
being located midway between the sides and about J the length of 
the bl(K‘k from one end. The borings are collected, thoroughly 
mixed, and the quantity and ratio of creosote to wood in the borings 
<leterinine(l by (‘Xtrading the creosote (‘ompletely with carbon 
l)isulphi(l(‘. 

Th(‘ condition of the wood at the time of the treatment, is prcfcr- 
al)Iy dry and fre<‘ from an <‘X(’(‘ss of wat(‘r. Afl(T tr(‘atment, and 
until Used, the blocks during dry \v(‘ath<‘r sliould Ix^ s|)rinkled fre- 
<in<*ntly willi \sa(cr t<» pn*v(‘nt drying and cracking. 'The tri'abxl 
bl(»cks arc s< nnct iiiics subjcct(‘d to t(‘sts to (lctcrmin<‘ tin* r(‘sistanc(‘ 
to wcjir wIk'Ii .:ilnratc(l with water. tli<‘ r(‘sistanc(‘ to coin|)r(‘ssion 
and inijiact, and to a 'Certain the* amount of wat(T th(‘ wood will 
al )‘'^( )rl ). 

Ia\ing the lilocKs. 'The nrl’acc of the concn‘tc foniidation is 
(•Iran (d tf»)iii (in t and dirt b\ -.W(‘rping, iIm’Ii '.|)riiiklcd with wat(‘r. 

1 jM.n tli( ihaiM«l nrfarr a mi liion (oal i-^ formrcl, 1)\ s|)n‘a(rmg a 
la'M (i| and 1 in< li tlm k. h’ii: ‘.L’, or a niorl ar comix) ^cd ol 1 part 
riirll.iiid I ( iiK III and J |)art'^ and, ini\c(l with --nflicicnt water to 
Inrm a nil pa tr ' t hr praelir(‘ of II ing a mixture <if rrimmt aiul 

a I id li . 1 1 1 1 • n < >i 1 ( I K d w il h w a 1 rr I )OH ha r - a d<*terl I \ r pa \ enieiit ) . 

'I'lir M(k 1 .III (1 upon thr MI .hion coat with tlir librr \rrlieal, 

I'mn ill 1 1 .i M li I . pa I a Mr I ( oiir a - , at right angle . to 1 hr axi-^ ol t 1 m‘ 

ni((t.i\((pl at iiil( r r« ikum w here I h<‘\ an* srt at an angh* of lo 
drgrrr - w it li I hr a \i « if t he -.t rert . The\ a n* la id so as t o ha \ (‘ t he 
lra>t {)(» -ihle width of joint (widi* joints hasten tin* d(‘strnction of 
the Wood h\ iM-rniit t inL' the fibres to broom and W(‘ar nnd(T 1 rallic)- 
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Fig. 92, Spreading Rand Foundation fop WimmI BIoi k"< in l.tiSnllo Hirii’l, Clin 
Courieny of Knoineering AVirn, .\Vu> t tftf 
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curb it is customary to place one or two rows of blocks with the 
length parallel to the curb and | inch therefrom. 

After the blocks are laid they are brought to a uniform surface 
by ramming with hand rammers or rolling with a light steam roller. 
Fig. 94. When laid upon a mortar cushion, the rolling or ramming 
must be completed before the mortar sets. 

In some cases the cushion coat is omitted, the surface of the 
concrete freed from dust by dry sweeping is covered with a thin 
coat of a bituminous cement and the blocks laid directly upon it. 
Sometimes, the side and one end of each block, when it is about to 
be set in place, are dipped in the same bituminous material that is 
used to cover the concrete, the blocks are placed in contact and the 
surface is covered with a thin coating of the bituminous material, 
this being covered with a layer of sand or fine gravel. 

After the blocks have been brought to a uniform surface, the 
joints are filled with either fine sand, cement grout, or a bituminous 
cement, Fig. 95. When sand is used, it should be fine and dr\', 
spread over the surface of the pavement, and swept about until the 
joints are filled. Cement grout is made of equal parts of Portland 
cement and fine sand mixed with water to the required consistenc'v. 
It is spread over the surface of the blocks and swept into the joints 
until they are filled. The surface of the pavement then is covered 
wdth sand, and the grout is allowed to set for about se\'en days 
before traffic is admitted. The bituminous filler is composed of 
coal-tar pitch, asphalt, or combinations of these, and other ingre- 
dients. The filler is applied hot in the same manner as descril)ed 
under brick pavement. To provide for the expansion of the l)locks 
the joint next the curb is filled with bituminous filler. 

Qualifications of Wood Pavements. Admntages, The advan- 
tages of wood pavement may be .stated as follows: 

(1 ) It affords good foothold for horses. 

[;!) It offers less resistance to traction than stone, and slightly 
more than asphalt. 

(3) It suits all classes of traffic. 

(4) It may be used on grades up to 5 per cent. 

(5) It is moderately durable. 

(6) It yields no mud when laid upon an impervious foundation. 

(7) It yields but little dust. 
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(8) It is moderate ia first cost. 

(9) It is not disagreeably noisy. 

Defects: The principal objections to wood pavement are: 

(1) It is difl&cult to cleanse. 

(2) Under certain conditions of the aLtmosphere it becomes 
greasy and very unsafe for horses. This may be remedied by cover- 
ing the surface with a thin layer of fine sand or gravel; a similar 
treatment will absorb the oil which exudes during warm weather. 

(3) It is not easy to open for the purpose of gaining access to 
underground pipes, it being necessary to remove rather a large 
surface for this purpose, which has to be left a little time after being 
repaired before trafiic again is allowed upon it. 

ASPHALT PAVEMENTS 

Sheet=Asphalt Pavement. Sheet asphalt is the name used to 
describe a pavement having a wearing surface composed of sand 
graded in predetermined proportions, of a fine material or filler, 
and of asphalt cement, all incorporated by mixing in a mechanical 
mixer, and laid upon a concrete foundation, the surface of the latter 
being covered with a thin layer of bituminous concrete called a 
^^binder^\ 

Asi^lialt Cement, This is prepared from solid bitumen, refined 
and fluxed with (1) the residuum from paraffine petroleum; (2) the 
residuum from asphaltic petroleum; (3) a mixture of paraffine and 
asphaltic petroleum residuums; (4) natural malthas, or is prepared 
from (5) solid residual bitumen produced in the distillation of 
asphaltic petroleums, and fluxed with residuum oil ])r()duced from 
the same material. 

Refined asphalt is that freed from the combined water and 
accompanying inorganic and organic matter. By comparatively 
simj)le operations the several varieties of asphalt may be separated 
from their impurities. Two methods are employed for refining; one 
using steam and the other direct fire. In both methods the asphalt 
is placed in tanks and slowly Iieated until tlioroughly melted, and 
during the melting the mass is agitated by a current of either air or dry 
steam. The method of using steam is superior to the fire method. 
In tlie latter method there always is dansrer of overheatina:, in addi- 
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The varieties of asphalt known as gilsonite and grahamite, which 
are practically pure bitumen, do not require refining, but they are 
used to a very small extent in paving. 

The greater part of the solid bitumen used for paving in the 
United States is obtained from the West Indies and South America. 
The more extensively used being that found at Trinidad, W. I., and 
at Bermudez, Venezuela. The asphalts known by the trade names 
“California’^ and “texaco” are produced by refining asphaltic oils, 
and may or may not require to be fluxed. 

Fluxes are fluid oils and tars which are mixed with asphalt to 
produce a desired consistency. The refined asphalt is melted and 
the flux previously heated added to it,, in the proportion required to 
produce the desired consistency. The mixture of asphalt and flux 
is agitated either by mechanical means or by a blast of air until the 
materials are thoroughly incorporated and the desired consistency 
is obtained. 

Sa7id, The sand should be siliceous and so free from organic 
matter, mica, soft grains, and other impurities, that these will not 
amount to more than 2 per cent of its volume. 

Fine Material or Filler. This consists of any sound stone, 
usually limestone or sand, pulverized to such fineness that the whole 
will pass the No. 50 sieve, and not more than 10 per cent will be 
retained on the No, 100 sieve, and at least 70 per cent will pass the 
No. 200 sieve. Portland cement sometimes is used instead of the 
pulverized stone. 

The paving composition is prepared by heating the ingredients 
separately to a temperature between 300 and 350 degrees Fahren- 
heit, then incorporating them by mixing in a mechanical mixer. 
The hot sand is measured into the mixer, followed by the hot filler; 
these two materials are thoroughly mixed together, and the hot 
cement is added in such a way as to distribute it evenly over the 
mixed sand and filler; the mixing then is continued until the materials 
form a uniform and homogeneous mass, with the grains of sand 
completely covered with cement. A typical mixture is: sand 100 
pounds; filler 17.5 pounds; bitumen in asphalt cement 17.5 pounds. 

The proportions of the ingredients in the paving mixture are 
not constant, but vary with the climate of the place where the 
})avemcut is to be used, the character of the sand, and tlie amount 
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and character of the traffic that will use the pavement. The ranges 
are indicated in the following data: 

Data for Asphaltic Paving 

Asphaltic Paving Mixture. 

Constituents * Per Cent 
‘Asphalt cement 12 to 15 

Sand 70 to 83 

Stone dust 5 to 15 

Weight of Material. A cubic yard of the prepared material weighs about 
. 4500 pounds. One ton of refined asphaltum makes about 2300 pounds of 
asphalt cement, equal to about 3.4 cubic yards of surface material. 

Wearing Surface per Cubic Yard of Material. 

Thickness Area. 

(inches) (sq yd ) 

21 12 

2 18 

li 27 

Laying the Pavement. The hot paving mixture is hauled to 
the street and dumped at a place outside of the space in which it 


Z in 

S: '1- ' Jj in 
r:?''-'- "e3in 


u 


Ply: ‘Ml St'ftion (»f Asphalt Pavomoiit Showing Layers 

is to l)e laid. It then is thrown into place with hot shovels, and 
spread wdth liot rakes uniformly to such a depth as will give the 
requiri'd thickness when compacted. The finished thickness 
varies hetw'een inches and 2 inches. The reduction of thickness 
by compression is about 40 per cent generally. Before the mixture 
is spread, the surfaces of curbs and street fittings that wnll be in 
contact w'ith it are painted with hot asphalt cement. 

The pavement is constructed in tw'o forms: (1) The paving 
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(2) the surface of the concrete foundation is covered with a Coat 
of asphaltic concrete, Fig. 96, called the ''binder course’^ the object 
of wWch is to unite more securely the wearing surface to the foun- 
dation. This it does by containing a larger percentage of cement, 
which, if put in the surface mixture, would render it too soft. The 
binder is composed of sound, hard stone broken to pass a IJ-inch 
screen, sand, pulverized stone, and asphalt cement, mixed in the 
desired proportions. A typical mixture is: stone 100 pounds; 
sand 40 pounds; stone dust 8 poimds; bitumen in asphalt cement 
8 pounds. 

The paving composition is compressed by means of rollers 
and tamping irons, the latter being heated in a fire contained in an 
iron basket mounted on wheels. These irons are used for tamping 
such portions as are inaccessible to the roller, namely, gutters, 
around manhole heads, etc. 

Two rollers are sometimes employed; one, weighing 5 to 6 
tons and of narrow tread, is used to give the first compression; 
and the other, weighing about 10 tons and of broad tread, is used 
for finishing. The rate of rolling varies; the average is about 1 
hour for 1000 square yards of surface. After the primary com- 
pression, natural hydraulic cement, or any impalpable mineral 
matter, is sprinkled over the surface, to prevent the adhesion of 
the material to the roller and to give the surface a more pleasing 
appearance. When the asphalt is laid up to the curb, the surface 
of the portion forming the gutter is painted with a coat of hot 
cement. 

Although asphaltum is a poor conductor of heat, and the cement 
retains its plasticity for several hours, occasions may and do arise 
through which the composition before it is spread has cooled; its 
condition when this happens is analogous to hydraulic cement which 
has taken a “set”, and the same rules which apply to hydraulic 
cement in this condition should be respected in regard to asphaltic 
cement. 

If the temperature of the air at the time of hauling is below 
70 degrees Fahrenheit the wagons carrying it are covered with 
canvas or other material to prevent the loss of heat. The tem- 
perature when delivered at the place where it is to be used must 
not be less than 280 degrees Fahrenheit. 
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'Two methods are followed in laying an asphalt pavement 
adjoining street railway tracks: (1) a course of granite-block or 
brick paving is laid between the rail and the edge of the asphalt; 

(2) the asphalt is laid directly against the rail, which, if its tem- 
perature is below 50 degrees Fahrenheit, is heated by suitable 
apparatus to a temperature of about 60 degrees Fahrenheit 
immediately before the asphalt is laid. 

Foundation. A solid, unyielding foundation is indispensable 
with all asphaltic pavements, because asphalt of itself has no 
power of offering resistance to the action of traflBc, conse- 
quently it nearly always is placed upon a bed of hydraulic- 
cement concrete. The concrete must be set thoroughly and 
its surface dry before the asphalt is laid upon it; if not, the 
water will be sucked up and converted into steam, with the 
result that coherence of the asphaltic mixture is prevented, and, 
although its surface may be smooth, the mass is really honey- 
combed, so that as soon as the pavement is subjected to the action 
of traffic, the voids or fissures formed by the steam appear on 
the surface, and the whole pavement is broken up quickly. 

Qualifications of Asphalt Pavements. Advantages. These 
may be summed up as follows : 

(1) It gives easy traction. 

(2) It is comparatively noiseless under traffic. 

(3) It is impervious. 

(4) It is easily cleansed. 

(5) It produces neither mud nor dust. 

(()) It is j)leasing to the e\e. 

(7) It suits all classes of traffic. 

(S) There is neither vibration nor concussion in traveling 
over it. 

(9) It is laid expeditioush , thereby causing little inconvenience 
to traffic. 

(10) ()])euings to gain access to underground i)ii)es are easily 
made. 

(11) It is durable. 

(12) It is repaired easily. 

Defects. These are as follows: 

/ 1 \ T4- •» n i-ili T-w-Vrt-ni r i J 1 + 1 ^ 1 1 n /.-p + K / k 41 + l>'» / kLJ 
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The American asphalts are much less so than the European, on 
account of their granular texture derived from the sand. The 
difference is very noticeable; the European are as smooth as glass, 



Fig. 97. Section of Asphalt Pavement Showing Use of Vitrified Brick to Form Gutter 


while the American resemble fine sandpaper. The slipperiness 
can be decreased by heating the surface of the pavement with a 
surface heater, then applying a layer of coarse sand and rolling 
it into the surface. 

(2) It will not stand constant moisture, and will disintegrate 
xi sprinkled excessively. 

(3) Under extreme heat it is liable to become so soft that it 
vill roll or creep under traffic and present a wa\'y surface; and 
under extreme cold there is danger that tlie surface will crack and 
become friable, 

(4) It is not adapted to grades steeper than 2| ])er cent, 
although it is in use on grades up to 7.30 per cent. 



(5) Repairs must be made quickly, for the material has little 
coherence, and if, from irregular settlement of foundation or local 
violence, a break occurs, the passing wheels rapidly shear off the 
sides of the hole, and it soon assumes formidable dimensions. 
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Although pure asphaltum is impervious absolutely and insoluble 
in either fresh or salt water, yet asphalt pavements in the continued 
presence of water are quickly disintegrated. Ordinary rain or 
daily sprinkling does not injure them when they are allowed to 
become perfectly dry again. The damage is most apparent in 
gutters and adjacent to overflowing drinking fountains. This 
defect has long been recognized, and various measures have been 
taken to overcome it, or at least reduce it to a nainimum. In some 
cities, ordinances have been passed, seeking to regulate the sprinkling 
of the streets; and in many places the gutters are laid with stone 
or vitrified brick, Figs. 97 and 98, while in others the asphalt is 
laid to the curb, a space of 12 to 15 inches along the curb being 
covered with a thin coating of asphalt cement. 

Failure of Asphalt Pavement. The failure of asphalt pavement 
is due to any one, or a combination, of the following causes: 

(1) Utisvitable Materials. The asphalt may be changed so 
by natural causes as to possess little or no cementing power. The 
fluxing agent may form only a mechanical instead of a chemical 
union with the asphalt, or its character may be such as to render 
the asphalt brittle, in which condition it easily is broken up under 
traffic. The sand may be graded improperly, either too coarse or 
too fine, or contain loam, vegetable matter, or cla}\ 

(2) Improper Manipulation. The crude asphalt may have 
been refined at too high a temperature, which reduces or destroys 
the ccinciitiiig ])r()i)crty. The cement may be of improper coii- 
sisteiiee, of iiisuffieient quantity, or inadequately mixed. If the 
cement is too hard, the pavement will lia\'e a tendency to crack 
during cold weather; and if too soft, it will push out of place and 
form wa\es under traffic. The cpiantity of cement needed varies 
with the character of the sand — a fine sand requires more cement 
than a coarse one, and the proportion of cement must be varied to 
suit the sand. When the ingredients are mixed inadequately, the 
cement and the particles of sand are not brought into intimate 
contact. Free oil or an excess of asphalt in the binder, making 
it too rich, is liable to work up and be absorbed by the wearing 
surface, and thus cause it to disintegrate. The mixture may be 
chilled while being transix)rted from the plant to the street. There 
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the plant to the street is great and there is any delay, some of the 
cement may work to the bottom of the load, and when it is dumped, 
there will be fat and lean spots, both of which are injurious. The 
paving mixture may be laid upon a damp or dirty foundation. 
There may be inadequate compression, for the importance of 
thorough compaction is not appreciated always and this portion 
of the work is slighted frequently. 

(3) Natural Causes. All materials in nature continually 
are undergoing change due to the action of the elements, and to 
this asphalt is not an exception. Subjected to the action of heat, 
all bitumens grow harder, and when the maximum degree of 
hardness is attained, natural decay sets in so that under the com- 
bined action of the elements, the material gradually rots and 
disintegrates. 

(4) Defective Fowidaiion. By unequal settlement a weak 
foundation will cause cracks and depressions in the surface which 
will enlarge speedily under traffic. A porous foundation will per- 
mit the ground water to rise, by capillary action, to the underside 
of the wearing surface, where by freezing it will cause cracks and 
thus provide access for surface water; non- watertight connection 
between curbs and street fittings also furnishes a path for surface 
water to reach the underside of the wearing surface, where the 
presence of water causes rapid decay. 

(5) Other Causes. Illuminating gas, escaping from leaking 
pipes under the pavement causes disintegration of tlie asi)lialt. 
Contraction, caused by the decrease in cementing power tlnough 
aging of the asphalt, results in cracks. Due to an excess of Iluxing 
material, there may be rolling and waving of the pavcmiait under 
traffic. Injury may be caused by fires made ui)on the ])avt‘inent, 
or by oil droppings from motor vehicles. 

Sheet asphalt pavement usually is constructed under a contract 
that provides for its maintenance during a period of yea rs (five 
or ten) by the contractor. Such a contract stipuliites tlnit tlie 
condition of the pa\-ement at the expiration of the maintenance 
or jjuarantee period shall be as follows: Surface free from dei)res- 
sious exceeding f-incli deep, when measured between any two points 
4 feet apart on a line conforming substantially to the original con- 
tour of the pavement. Free from cracks. Contain no disiuteiirated 
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material. Thickness not reduced more than f inch. Foundation 
free from cracks and settlement. 

Rock Asphalt Pavement. This is the name applied to pave- 
ment made from the limestones and sandstones found naturally 
impregnated or cemented with bitumen. They are prepared for 
use by crushing and heating, and are used in their natural con- 
dition or mixed with other materials. Deposits are found in many 
parts of the United States and Europe. In Europe, rock asphalt 
is the material most extensively used for paving, under the name 
''asphalte’\ The European rock asphalts are impregnated very 
uniformly with from 7 per cent to 14 per cent of asphalt, and readily 
compact into a hard, smooth pavement which in frosty latitudes 
becomes very slippery. The American rock asphalts are impreg- 
nated irregularly with from 5 per cent to 30 per cent of asphalt. 
Their use for paving is limited, chiefly owing to the cost of trans- 
portation. 

Asphalt Blocks. Formation. Asphalt paving blocks are formed 
from a mixture of asphaltic cement and crushed stone in the pro- 
portion of S or 12 per cent of cement to 88 or 92 per cent of stone. 
The materials are heated to a temperature of about 300° Fahrenheit, 
and mixed while hot in a suitable vessel. When the mixing is 
complete, the material is placed in molds and subjected to heavy 
pressure, after which the blocks are cooled suddenly by plunging 
into cohl w'ater. The usual dimensions of the blocks are 4 inches 
wide, 3 inches dee]), and 12 inches long. 

Foinnhitiofi. The blocks usually an' laid u])on a concrete 
foundation with a cushion coat of sand about .Uinch thick. They 
arc laid witli tlu'ir lengths at rigiit angk's to the axis of the street, 
and the longitudinal joints should be broken by a lap of at least 
4 inclu's. 41ie blocks then are rainmc'd with hand lianimers, or 
are rolled with a ligiit sti*am roller, the surfac-e being coNcred 
with ch'an, fine sand; no joint filling is nsed, as, under the action 
of the sun and traflic, the blocks soon become cemented. 

The adx'antages claimed for a pavement of as])halt blocks 
over those for a continuous sheet of asphalt are: (1) that they can 
be made at a factory located near the materials, wdieuce they can 
be transDorted to the nlace where thev are to be used and can be 
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machinery and skilled labor; (2) that they are less slippery, owing 
to the joints and the rougher surface due to the use of crushed stone. 



Fig 99. Rake and Smoothing Iroiib Used in I.nving Asphalt Pavement 
Courtesy of Barber Asphalt Pavtnu Company, Philadelphia, Penmylcania 


Another Form. Another form of asphalt block, known as the 
^‘Liieba” block, consists of a block 8f inches long, inches wide, 
and 4 inches thick, with the lower 3 inclics 
composed of Portland-cement coiicrete con - 
ered with 1 inch of natural-rock as])halt; 
the two materials being joined under lieavy 
hydraulic pressure. The blocks are laid on 
a concrete foundation and the joints be- 
tween them are filled with hydraulic-cement 
grout. 

Tools Employed in Construction of 
Asphalt Pavements. The tools used in lay- 
ing sheet-asphalt pavements comprise hand 
rammers iron, rakes, smoothing irons. Fig. 
99; pouring pots. Fig. 100; hand rollers, 

F.g.l00 Pourin«Pot,Uaed E fire pOt, Fig. 101 ; 

iMth Asphalt Pavements and steam Tolleps, with or without provision 

Com tesy of Barber Asphalt £ 7 j.* xl J* j n -n 
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rollers are different in construction, appearance, and weight from 
those employed for compacting broken stone. The difference is 
due to the different character of the work required. 



Fig 101. Hand Rollers Used in Laying Asphalt Pavements 
Courtesy of Barber Asphalt Paving Company, Philadelphia, Pennsylvania 



I'u-; lOli Small Kmul KolU-i I m-.I in laiMnu. A'^plmlt l\i\(Mnonts 
( ombstj oj Hiuhti Asphitll Piuiiii/ ('omi)iiirj, Chihnh I ii'mi, Jb n h'.i/lonnia 


The iiriiicipal (limciisioiis of the r)-toii roller are as follows: 


r’ront loll or kI coring whool, (liani('i(‘r 
R(‘:il roll or tlnving whool, (liMiiu'loi 
Front roll, w'idth . 

Rear roll, width. . . 

Length, extroiiK' 

Height, extreme. . . . 


:i() to S2 inches 
4S inches 
40 inches 
40 inches 
14 feet 
7 to 8 feet 
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MISCELLANEOUS PAVEMENTS 

Under this head will be described briefly the most notable 
examples of pavements devised as substitutes for the recognized 
standard tj.'pes, and sometimes used where good materials are not 
available, or where insufficient funds prevent their purchase, and 
in some cases for the purpose of utilizing waste products. 

Burnt Clay. In the Mississippi Valley, during the dry season, 
the clay is cut from the roadway to a depth of about 2 feet, and 
piled so as to form enclosures about 15 feet in diameter and 2 feet 
high. After remaining so for about ten days to dry out, a fire is 
made in the inclosure, more dry clay placed on top and the burning 
proceeded with. The burnt clay after cooling, is relaid upon the 
road, and then, being of a thoroughly porous nature, settles into a 
dry, solid layer. 

Straw. Clay roads have been improved by shaping and harrow- 
ing the road, then applying a layer of wheat straw, wliich is 
moistened with water, and cut and mixed with the clay by a disk 
harrow. More straw is added and the operation repeated, then com- 
pacted with a steam roller. The treatment is applied twice a year. 

Oyster=Shen. The shells are spread on the road previously 
shaped and rolled. They crush readily and, possessing a high 
cementing quality, bind together to form a compact, smooth road 
surface, but owing to their softness, they are quickly ground to 
powder which is carried away readily by wind and rain water. 

Chert. The siliceous material found overlying the red sand- 
stone, which forms the covering of the red hematite iron ore in 
some of the Southern States, is used for both street and road pa\-ing. 
It is laid directly upon the earth surface or upon a prc])ared foun- 
dation, sprinkled, and compacted in the same manner as water- 
bound macadam. 

Slag. The slag produced in the manufacture of iron and steel 
is used in various ways for pa\ing. (1) It may be crushed to 
the desired sizes and used in the same manner as broken stone, 
laid in one or two courses, sprinkled and rolled. In some cases, 
a binder composed of quicklime is used; in others, a waste sulphite 
liquor is mixed with the water used for moistening it before rolling; 
and in others, it is mixed vith coal-tar or other bituminous cement 
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and formed into a pavement in the same manner as bituminous 
macadam. The pavement called ^^tarmac’’, a large amount of 
which has been used in England, is composed of slag, coal tar, 
rosin, and Portland cement. (2) The slag may be formed into 
blocks by casting in molds, which are used in the same manner as 
stone blocks. In this form they are called ^'scoria'^ or ^^slag” blocks. 

Clinker. Where crematories are employed for the destruction 
of garbage about 33 per cent of the material remains after burning, 
in the form of clinker. This is broken up and ground to a fine 
powder,. mixed with either a hydraulic or a bituminous cemient, and 
pressed into blocks and slabs. 

Petrolithic. Petrolithic paving is made -by applying a bitu- 
minous oil to earth, sand, gravel, clay, or loam roads. The soil is 
plowed to a depth of at least 6 inches, pulverizred by harrowing, 
and sprinkled with water. The bituminous oil is applied in one 
or two coats at the rate of 1 gallon per square yard, the oil and soil 
are mixed and compacted by a roller weighing 5000 pounds, the 
surface of which is studded with spikes having a flat head measuring 
2X3 inches, and on which account it is named a “sheep's-foot” 
roller. In operation, the spikes or feet are forced into the loose 
soil and compress or pack it from the bottom upwards. After a 
thorough mixing and tamping, the surface is shaped with a road 
grader and rolled with a roller of tlie ordinary form. 

Kleinpflaster. Kleinpflaster is tlic name given to a stone pave- 
ment used in Germany for exceptionally heavy traffic, and used also 
in England, under the name 'Miirax”. It is made of 3-inch cubes 
of hard stone, exit by machinery, and laid in small segments of 
circles. '^I'he stones are laid as close as possible and the joints are 
filled with liydraiilic-cemeiit grout or bituminous filler. 

Iron. Several experiments have been made with iron for 
paving, but, while eminently durable, it was rough, noisy, and 
slip])ery, and its use either alone or combined with other materials 
has been abandoned. 

Trackways. Formed of stone slabs, brick, concrete blocks, 
steel, and other materials, trackways have been constructed at 
various times for the purpose of reducing the resistance to traction. 
Their use on an extensive scale, however, has been abandoned 


1 /-^ 
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National Pavement. National pavement is composed of pul- 
verized clay, loam, or ordinary soil, heated and mixed with liquid 
bitumen. The mixture is spread to a depth of 2 or 3 inches upon 
the surface of the compacted and drained natural soil and is com- 
pressed by a power roller. 

Fibered Asphalt Pavement. Fibered asphalt pavement is com- 
posed of wood fiber, obtained as a waste product from the process 
of extracting tannin and asphalt. The fiber is heated and mixed 
with a predetermined quantity of asphalt. The hot mixture is run 
into molds forming small blocks which are shipped to the place of 
use. The blocks are there heated to a temperature of 275° F. in a 
traveling heater that moves along the roadway and from which the 
hot mixture emerges in a continuous stream 18 inches wide and is 
deposited on the previously prepared foundation to a depth of 4 
inches. After spreading, it is compressed to a thickness of 2 inches 
with a power roller. 

Westrumite. Westrumite is an asphalt cement temporarily 
x.quefied by emulsification. It is mixed cold with broken stone in 
an ordinary concrete mixer, spread on the foundation, and com- 
pacted by rolling. The evaporation of the vehicle leaves the asphalt 
cement as the binder. 

MISCELLANEOUS STREET WORK 
FOOTPATHS 

A footpath or walk is simply a road under another name — a 
road for pedestrians instead of one for horses and vehieles. The 
only difference that exists is in the degree of service reciuiri'd; but 
the conditions of construction that render a road well adapted to 
its object are very much the same as those required for a walk. 

The effects of heavy loads such as traverse carriage-\\a\ s ar(‘ 
not felt upon footpaths; but the destructive action of water and 
frost is the same in either case, and the treatment to counteract 
or resist these elements as far as practicable, and to i)roduc*e per- 
manency, must be the controlling idea in each case, and sliould 
be carried out upon a common principle. It is not less essential 
that a walk should be well adapted to its object than that a road 
should be; and it is annoying to find it impassable or insecure and 



HIGHWAY CONSTRUCTION 


167 


in want of repair when it is needed for convenience or pleasure. 
In point of economy, there is the same advantage in constructing 
a footway skilfully and durably as there is in the case of a road. 

Width. The width of footwalks (exclusive of the space occu- 
pied by projections and shade trees) should be ample to accommodate 
comfortably the number of people using them. In streets devoted 
entirely to commercial purposes, the clear width should be at least 
one-third the width of the carriage-way; in residential and suburban 
streets, a very pleasing result can be obtained by making the walk 
one-half the width of the roadway, and by devoting the greater 
part to grass and shade trees. 

Cross Slope. The surface of footpaths must be sloped so that 
the surface water will readily flow to the gutters. This slope need 
not be very great; | inch per foot will be sufficient. A greater slope 
with a thin coating of ice upon it, becomes dangerous to pedestrians. 

Foundation. As in the case of roadways, so with footpaths, 
the foundation is of primary importance. Whatever material may 
be used for the surface, if the foundation is weak and yielding, the 
surface will settle irregularly and become extremely objectionable, 
if not dangerous, to pedestrians. 

Surface. The requirements of a good covering for sidewalks are : 

(1) It must be smooth but not slippery. 

(2) It must absorb the minimum amount of water, so that it 
may dry rapidly after rain. 

()]) It must not be al)rased (‘asily. 

(4) It must be of uniform (juality througliout, so that it may 
wear (‘venl\'. 

(o) It must n('ith(T scale uor Hake. 

(()) Its tc\tur(‘ must be such tliat dust will not adhere to it. 

(7) It uuist b<‘ durabl(‘. 

Materials. The matiTials used for foot})aths are as follows: 
stone, natural and artifieial; woo<l; asphalt; brick; tar eouen'te; and 
gra\el. 

Sionrs. Of the natural stones, sandstone (bliiestoue) and 
granite are employed extensively. The bluestone, when well laid, 
forms an excellent paving material. It is of c()mi)act texture, 
absorbs water to a very limited extent, and hence soon dries after 
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without becoming excessively slippery. Granite, although exceed- 
ingly durable, wears, very slippery, and its surface has to be rough- 
ened frequently. 

Slabs, of whatever stone, must be of equal thickness throughout 
their entire area; the edges must be dressed true to the square 
for the whole thickness (edges must not be left feathered as shown 



Fig. 103. Faulty Joint in Stone Sidewalk 


in Fig. 103) ; and the slabs must be bedded solidly on the foundation 
and the joints filled with cement mortar. Badly set or faultily 
dressed flagstones are very unpleasant to walk over, especially 
in rainy weather; the unevenness causes pedestrians to stumble, 
. jcking stones squirt dirty water over their clothes. 

Wood. Wood has been used largely in the form of planks; 
it is cheap in first cost, but proves very expensive from the fact that 
it lasts but a comparatively short time and requires constant repair 
to keep it from becoming dangerous. 

Asphalt. Asphalt forms an excellent footway pavement; it 
is durable and does not w^ear slippery. 

Brick. Brick of suitable quality, well and carefully laid on a 
concrete foundation, makes an excellent footway pavement for 
residential and suburban streets of large cities, and also for the main 
streets of smaller towns. The bricks should be good qualities of 
paving brick (ordinary building brick are unsuitable, as they soon 
wear out and are broken easily). The bricks should l)e laid in 
parallel rows on their edges, with their lengths at right angles to 
the axis of the path. 

Concrete. Concrete or artificial stone is used extensively as 
a footway paving material. Its manufacture is the subject of 
.several patents, and numerous kinds are to be had in tlie market. 
\Mien manufactured of first-class materials and laid in a sub- 
stantial manner, with proper provision against the action of 
frost, artificial stone forms a durable, agreeable, and inexpensive 
pavement. 
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Concrete walks are formed in one or two courses. In one-course 
work, the concrete is laid to a depth of 4 inches and tamped until 
sufficient mortar flushes to the surface to permit the forming of a 
smooth surface. In two-course work, the concrete for the base 
is sp/ead and tamped to a depth of 3 inches, the top or surface 
course is spread upon the base before the latter has begun to set. 
The top course has a thickness of about 1 inch, and it is tamped 
and its surface is brought to the required plane by a straightedge 
and by troweling. Expansion is provided for by transverse joints 
extending the full depth of the concrete. The joints are placed 
4 feet apart and are formed by placing across the side forms a |-inch 
thick metal dividing strip, which is removed before the cement 
sets so that the edges of the joint may be smoothed and rounded 
with a suitable tool. 

The area to be covered by the walk is excavated to a minimum 
depth of 8 inches, or to such greater depth as the nature of the ground 
may require to secure a solid foundation. The surface of the ground 
so exposed is compacted by ramming, and a drainage course is 
formed of broken stone, gravel, or steam-plant cinders, thoroughly 
compacted by ramming, and its vsurface is brought to a plane parallel 
to and 4 inches below the finished surface of the concrete. In 
some sitiuitious it may be necessary to connect the drainage course 
with the sewers, street drains, or side ditches, for the purpose of 
furnishing an outlet for standing water; this is done by the use of 
3-inch drain pipe i)la(*ed wliere recpiired. 

The forms of steel or wood should he made snl)stantially, and 
left ill i)lace until the concrete is set hard. 

Goncri'te walks fail from the use of im})ro])er materials and 
defective workinanshij), insufficient exiiansion joints, heaving and 
cracking by frost, due to imperfect drainage, disidacenient and 
cracks, due to settlement of the drainage course — this latter 
being frequent when cinders are used, as in time they arc liable 
to decompose and shrink in volume and thus allow the con- 
crete to settle. In two-course work failure may be in respect 
to flaking of the surface by the action of water and frost entering 
bctwx‘en and separating the courses. The concrete should not be 
laid durine- freeziiiL*- weather, nor should frozen materials be used 
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CURBSTONES AND GUTTERS 

Curbstones. Curbstones are employed for the outer side of 
footways, to sustain the covering and to form the gutter. Their 
upper edges are set flush with the footwalk pavement, so that the 
water can flow over them into the gutters. 



Fig. 104. Typical Section Showing Stone Curb Eight Inches Thick 


The disturbing forces which the curb has to resist are; (1) The 
pressure of the earth behind it, which is frequently augmented by 
piles of merchandise, building materials, etc. This pressure tends 
to overturn it, break it transversely, or move it bodily on its base. 
(2) The pressure due to the expansion of freezing earth behind 



la" 

10.) I’Npical Section Showing Stone Curb 1 ive Inches 'I’liick 


and beneath the curb. This force is most frequent whore the side- 
walk IS sodded partly and the ground accordingly is moist Suc- 
ecssive freezing and thawing of the earth behind the curb will occa.sion 
a succession of thrusts forward, which, if the curb be of faulty 
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(3) The concussions and abrasions caused by traffic. To withstand 
the destructive effect of wheels, curbs are faced with iron; and a 
concrete curb with a rounded edge of steel has been patented and 
used to some extent. Fires built in the gutters deface and seriously 
injure the curb. Posts and trees set too near the curb, tend to 
break, displace, and destroy it. 

The use of drain tiles under the curb is a subject of much dif- 
ference of opinion among engineers. Where the subsoil contains 
water naturally, or is likely to receive it from outside the curb lines, 
the use of drains is of decided benefit; but great care must be exer- 
cised in jointing the draintiles, lest the soil shall be loosened and 
removed, causing the curb to drop out of alignment. 

The materials employed for curbing are the natural stones — 
as granite, sandstone (bluestone), etc.; artificial stone — fire clay, 
and cast iron. 

The dimensions of curbstones vary considerably in different 
localities and according to the width of the footpaths; the wider the 
path, the wider should be the curb. However, it should be never 
less than 8 inches deep, nor narrower than 4 inches. Depth is 
necessary to prevent the curb’s turning over tow^ard the gutter. It 
never should be in smaller lengths than 3 feet. The top surface 
should be beveled off to conform to the slope of the footpath. The 
front face should be hammer-dressed for a depth of about 6 inches, 
in order that there may be a smooth surface visible against the 
gutter. The bac'k for 3 inches from the top also should be dressed, 
so that the flagging or other paving may butt fair against it. The 
end joints should be cut a true square the full thickness of the stone 
at the top, and so much below the top as will be exposed; the remain- 
ing portion of the depth and bottom should be squared roughly, 
and the bottom should be fairly parallel to the toj). (See Figs. 104 
and 105.) 

Combination Curb and Gutter, ('oncrete curb and gutter 
combined is constructed by placing the concrete in suitable forms. 
The concrete should be handled so as to prevent the separation 
of the stone and mortar, and wdien placed should be tamped well 
to bring the mortar to the surface and make complete contact with 
the forms. The corner formed by the top and face surfaces is 
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formed of a steel bar put in place before the concrete is laid and 
anchored by metal strips spaced about 3 feet apart. Expansion 
joints are formed at distances of 10 or 12 feet. The remarks made 
under concrete wal]k;s regarding foundation, drainage, failure, etc., 
apply also to concrete curbs. 

STREET CLEANING 

The cleaning of streets is practiced for the purpose of protecting 
the health of the neighboring residents and for the comfort of the 
users. It is of comparatively recent development, and is ren- 
dered possible only by the use of hard pavements. The materials 



Fig 106. T^Tiiral Machine Street Sweeper 
Courtesy of Acme Hoad Machinery Company, Frankfort, New York 

to be removed from the streets consist of animal droppings, material 
■worn from the pavement, materials dropped from vehicles, waste 
from building construction, miscellaneous materials swept from 
houses, stores, and factories, and the accumulation of snow during 
winter. 

Cleaning Methods. The local conditions and character of the 
traffic and pavement determine the methods to be employed and 
the intervals for cleaning the streets. The methods employed are: 
sweeping, either by hand or by machine brooms; and flushing with 
water— the work being performed either during the day or the 
night, by large gangs at night, and by means of a patrol system 
during the day. Fig. 106 shows one of the machine sweeners used. 
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TABLE XV 


Rate and Cost of Street Cleaning 


Pavement 

Approximate 
Subpage Swept 
PER Man 
( sq. yds. per hr ) 

Approximate 
Dikt prom Daily 
Sweeping 
( cu. yds. per 
1000 sq. yds ) 

Average Cost 
PER Each 
Cleaning 
( cents per sq. 
yd.) 


(Wet) 

(Dry) 

(Mm.) 

(Max.) 


Asphalt 

1000 

1200 

.007 

.040 

.0030 

Granite-block 

750 

1000 

.015 

.024 

.0050 

Macadam (water-bound) 

700 


.100 

.350 

.0106 

Wood 



.070 

.200 

0070 

Brick 





.0034 


In the hand-cleaning method by day patrol, each man is fur- 
nished with a push broom, shovel, and can carrier in which to place 
the refuse, and has a certain section of street to clean each day. 
The day patrol sometimes is supplemented by a large gang working 
during the night. When machine brooms are emplo^^ed they usually 
are operated at night and are supplemented by the patrol system 
during the day. As to which is the most economical, it will depend 
upon the cost of labor and the condition of the pavements; on pave- 
ments covered with ruts and depressions machine brooms are 
ineffective. 

The ai)proximate costs of the various methods of street cleaning 
per 1000 sq. yds. are: 

(liiiiidj. . . $0 2S1 

S\v(‘i'pinji, (iiwicliiiicj . ... 0 317 

Fluslimfi; ('hand-hosf*) . . 0 319 

FliKsliin^ flnacliiiic) . . . 0 721 

Tlie average cost of supervision varies from .011 cent to 34 
cents ])er mile. 

The amount of surface cleaned by a machine broom depends 
upon the width of tlie broom, the pover of tlie horses or other 
moti\e power, gradient, and condition of the surface. The wider 
the broom tlie less vill be the cost. The average speed of travel 
is about I 2 ' miles jier hour. 

In Table X\' are indicated the amount of surface which an 
averap-e man will sw(‘(‘n nev hour. deDendinsr UDOii the condition 




Fig 107 Snow Roller for Compacting Snow in Streets and Walks 
Courtesy of Acme Road Machinery Company, Frankfort, New York 
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produced by the different pavements, if swept daily; and the average 
cost of cleaning different pavements. 

Removal of Snow. The methods employed for keeping roads 
and .streets passable during the period of snowfall varies according 
to the cUmatic conditions. In localities subject to heavy- falls 
of snow, and continuous low temperature that retards the melting 
of the snow until spring, two methods are followed: (1) a narrow 
track is opened by a snowplow, through the center of the road, 
the snow being formed into long, narrow heaps on each side; 
(2) the snow is not removed, but is compacted by rolling with a 
light-weight wood or metal roller. Fig. 107. In localities having 
light falls and in the larger cities, the snow is pushed by plows or 
rotary brooms toward the gutters from where it is loaded into 
vehicles, hauled to a natural waterway and dumped, or in the 
absence of this it is placed in vacant lots and in some cases it is 
disposed of by dumping into the sewers through the manholes, 
but this must be done carefully, as there is liability of choking the 
sewer by the snow’s consolidating. Light falls may be disposed 
of by the application of a stream of water to the surface of the 
street thereby washing the snow into the sewer. Many machines 
have been devised for melting the snow by the application of steam, 
hot air, etc., but none of them have been successful economically. 
In some cities the snow is melted by an application of rock salt 
which produces a thawing action when mixed with the snow by 
the traffic, the slushy mixture so formed is swept to the gutters 
by machine brooms and washed into the sewers by a stream of 
water from the hydrants. Objection is made to this method on 
account of the intense cold produced and its injurious effect upon 
the feet of pedestrians and on the hoofs of horses. 

Ill order to cause the minimum of inconvenience to traffic it 
is necessary tliat the snow be removed from the streets as quickly 
as possible, therefore, it is customary, before the arrival of winter, 
to lay out the method and organization required and to make arrange- 
ments for the quick mobilization of the force needed for its removal. 
To accomplish this the city is divided into districts, in each of which 
there is established a headquarters and depot stocked with the 
fn fhp work in thflt distriet. and to which 
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Street Sprinkling. Streets and roads are sprinkled with water 
for the purpose of abating dust and cooling the air. While water- 
bound macadam and earth surfaces must be sprinkled to abate 
the dust, a stone-block, brick, asphalt, or wood pavement will not 
require sprinkling if thoroughly cleansed and kept clean. On 
imclean and badly maintained pavements, sprinkling with water 
as usually performed converts the fine dust into a slime which renders 
all smooth pavements slippery, and in warm weather it becomes a 
prolific breeding place for disease germs, it clings to the feet and 
clothing of pedestrians, and, with its accompanying germs, is carried 
into buildings and dwellings. 

The average cost of sprinkling per square yard is $0,009. 

The systems followed for executing the work of street cleaning, 
snow removal, and sprinkling are: (1) by contract where the con- 
tractor furnishes all the tools and labor; (2) by contract for the 
labor only, the city furnishing the tools and machinery; (3) by the 
city, with its own staff and machinery. 

SELECTINQ THE PAVEMENT 

The problem of selecting the best pavement for any particular 
case is a local one, not only for each city, but also for each of the various 
parts into wkich the city is imperceptibly divided; and it involves so 
many elements that the nicest balancing of the relative values for each 
kind of pavement is required in arriving at a correct conclusion. 

In some localities, the proximity of one or more paving materials 
determines the character of the pavement; wdiile in other cases a 
careful investigation may be required in order to select the most 
suitable material. Local conditions always should be considered; 
hence it is not possible to lay dowm any fixed rule as to what material 
makes the best pavement. 

Qualifications. The qualities essential to a good ])avemcnt 
may be stated as follows: 

(1) It should be impervious. 

(2) It should afford good foothold for horses and adhesion 
for motor vehicles. 

(3) It should be hard and durable, so as to resist wear and 
disintegration. 

(4) It should be adapted to every grade. 
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(5) It should suit every class of traffic. 

(6) It should offer the minimum resistance to traction. 

(7) It should be noiseless. 

(8) It should yield neither dust nor mud. 

(9) It should be cleaned easily. 

(10) It should be cheap. 

Interests Affected. Of the above requirements, numbers (2), 
(4), (5), and (6) affect the traffic and determine the cost of haulage 
by the limitations of loads, speed, and wear and tear of horses and 
vehicles. If the surface is tough or the foothold bad, the weight 
of the load a horse can draw is decreased, thus necessitating the 
making of more trips or the employment of more horses and vehicles 
to move a given weight. A defective surface necessitates a reduction 
in the speed of movement and a consequent loss of time; it increases 
the wear of horses, thus decreasing their life service and lessening 
the value of their current services; it also increases the cost of main- 
taining vehicles and harness. 

Requirements, numbers (7), (8), and (9), affect the occupiers 
of adjacent premises, who suffer from the effect of dust and noise; 
they also affect the owners of said premises, whose income from 
rents is diminished where these disadvantages exist. Numbers 
(3) and (10) affect the taxpayers alone — first, as to the length of 
time during w^hich the covering remains serviceable; and second, 
as to the amount of the annual repairs. Number (1) affects the 
adjacent occupiers principally on hygienic grounds. Numbers (7) 
and (8) affect both traffic and occupiers. 

Problem Involved in Selection. The problem involved in the 
selection of the most suitable pavement consibts of the following 
factors: (1) adaptability; (2) desirability; (3) serviceability; (4) com- 
parative safety; (5) durability; (0) cost. 

Adaptability, The best pavement for any given roadway will 
depend altogether on local circumstances. Pavements must be 
adapted to the class of traffic that will use them. The pavement 
suitable for a road through an agricultural district will not be suit- 
able for the streets of a manufacturing center; nor will the covering 
suitable for heavy traffic be suitable for a pleasure drive or for a 
residential district. 

General experience indicates the relative fitness of the several 
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TABLE XVI 

Resistance to Traction on Different Pavements 


Kind op Pavement 

Tractive Resistance 

Lb per Ton 

Fraction of the Load 

Sheet-asphalt 

Bricjk 

Cobblestone 

Stone-block 

Rectangular wood-block 

Round wood-block 

30 to 70 

15 to 40 

50 to 100 

30 to 80 

30 to 50 

40 to 80 

eV 9o 

ihs ^'0 6*0 

V(5 to io 
^ to 5>V 
to 
s*<) to 


materials as follows: for country roads, suburban streets, and pleasure 
drives — broken stone; for streets having heavy and constant traffic 
— rectangular blocks of stone, laid on a concrete foundation, with* 
the joints filled with bituminous or Portland-cement grout; for 
streets devoted tp retail trade, and where comparative noiselessness 
is essential — asphalt, wood, or brick.* More recent experience 
indicates that concrete, when properly laid and reinforced at neces- 
sary points, may be employed to advantage for any pavement, 
both as base and as wearing surface. 

Desirability, The desirability of a pavement is its possession 
of qualities which make it satisfactory to the people using and 
seeing it. Between two pavements alike in cost and durability, 
people will have preferences arising from the condition of their 
health, personal prejudices, and various other intangible influen(*(‘s, 
causing them to select one rather than the other in their respeetix e 
streets. Such selections often are made against the demonstrated 
economies of the case, and usually in ignorance of them. \Vhene\'(‘r 
one kind of pavement is more economical and satisfactory to use 
than is any other, there should not be any differenc'c of opinion 
about securing it, either as a new pavement or in the n'plac'canent 
of an old one. 

The economic desirability of pavements is governed by the 
ease of movement over them, and is measured by the number of 
horses or pounds of tractive force required to move over them a 
given weight— usually 1 ton. The resistance offered to traction 
by different pavements is shown in Table XVL 
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Serviceability , The serviceability of a pavement is its quality 
of fitness for use. This quality is measured by the expense caused 
to the traffic using it — namely, the wear and tear of horses and 
vehicles, loss of time, etc. No statistics are available from which 
to deduce the actual cost of wear and tear. 

The serviceability of any pavement in great measure depends 
upon the amount of foothold afforded by it to the horses — ^provided, 
however, that its surface be not so rough as to absorb too large a 
percentage of the tractive energy required to move a given load 
over it. Cobblestones afford excellent foothold, and for this reason 
are largely employed by horse-car companies for paving between 
the rails; but the resistance of their surface to motion requires 
the expenditure of about 40 pounds of tractive energy to move 
a load of 1 ton. Asphalt affords the least foothold ; but the tractive 
force required to overcome the resistance it offers to motion is 
only about 30 pounds per ton. 

ComparaUve Safety, The comparison of pavements in respect 
to safety, is the average distance traveled before a horse falls. The 
materials affording the best foothold for horses are as follows, 
stated in the order of their merit: 

(1) Earth, dry and compact. 

(2) Gravel, 

Broken stone (macadam). 

(4) Wood. 

(o) Sandstone and brick. 

(()) Asphalt. 

(7) Granite blocks. 

Darahllifii. The durability of pavement is that quality which 
determines the length of time during \\hieli it is serviceable, and 
does not relate to the length of time it has been down. The only 
measure of durability of a ])avement is the amount of traffic tonnage 
it will l)ear l)efore it becomes so worn that the cost of replacing it 
is less than the expense incurred by its use. 

As a ])avement is a construction, it necessarily follow’s that there 
is a vast difference betwoen the durability of the pavement and the 
durability of the materials of wdiich it is made. Iron is eminently 
durable; but, as a paving material, it is a failure. 

U 1 1 -wri u: i: r o TYio+£k-mol KIa' AX’Ult 
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TABLE XVII 

Terms of Life of Various Pavements 


Materials 

Terms op Life 
(Years) 

Granite-block 

12 to 30 

Sandstone 

6 to 12 

Asphalt 

10 to 14 

Wood 

7 to- 15 

Limestone 

Ito 3 

Brick 

5 to 15 

Macadam 

5 to ? 


the condition of cleanliness observed. One inch of overly ing dirt 
will protect the pavement most effectually from abrasion, and 
prolong its life indefinitely. But the dirt is expensive; it injures 
apparel and merchandise, and is the cause of sickness and discom- 
fort. In the comparison of different pavements, no traffic should 
be credited to the dirty one. The life or durability of different 
pavements under like conditions of traffic and maintenance, may 
be taken as shown in Table XVII. 

Cost. First cost or the cost of construction, is largely controlled 
by the locality of the place, its proximity to the particular material 
used, and the character of the foundation. The question of cost 
is the one which usually interests taxpayers, and is problably the 
greatest stumblingblock in the attainment of good roadways. The first 
cost usually is charged against the property abutting on the highway 
to be improved. The result is that the average property owner 
always is anxious for a pavement that costs little, because he must 
pay for it, not caring for the fact that cheap pavements soon wear 
out and become a source of endless annoyance and additional expen.^e. 
Thus false ideas of economy usually have stood, and uirdouhtedly 
ah\a\s will stand to some extent, in the way of realizing that the 
best is the cheapest. 

The pavement which has cost the most is not alwa;^-s the best; 
nor is that which cost the least the cheapest; the one which is truly 
the cheapest is the one which makes the most profitable returns 
in proportion to the amount expended upon it. No doubt there 
is a limit of cost to go beyond which would produce no practical 
benefit; but it always will be found more economical to spend enough 
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to secure the best results, and this always will cost less in the long 
run. One dollar well spent is many times more effective than one- 
half of the amount injudiciously expended in the hopeless effort 
to reach sufficiently good results. The cheaper work may look as 
well as the more expensive, for a time, but very soon may have 
to be done over again. 

Economic Benefit. The economic benefit of a good roadway 
is comprised in the following: its cheaper maintenance, the greater 
facility it offers for traveling, thus reducing the cost of transporta- 
tion; the lower cost of repairs to vehicles, and less wear of horses, 
thus increasing their term of serviceability and enhancing the value 
of their present service; the saving of time; and the ease and comfort 
afforded to those using the roadway. 

Relative Economies. The relative economies of pavements — 
whether of the same kind in different condition, or of different 
kinds in like good condition — are determined sufficiently by summing 
their cost under the following headings of account: 

(1) Annual interest upon first cost and sinking fund. 

(2) Annual expense for maintenance. 

(3) Annual cost for cleaning and sprinkling. 

(4) Annual cost for service and use. 

(5) Annual cost for consequential damages. 

Interest on First Cost, The first cost of a pavement, like any 
other permanent investment, is measurable for purposes of comparison 
by the amount of annual interest on the sum expended. Thus, 
assuming the worth of money to be 4 per cent, a^pavement costing 
$4 per square yard entails an annual interest loss or tax of $0.16 
per square yard. 

Cost of Maintenance. Under this head must be included all 
outlays for repairs and renewals which are made from the time 
when the pavement is new and at its best to a time subsequent, 
wlien, by any treatment, it is put again in equally good condition. 
The gross sum so derived, divided by the number of years which 
elapse between the two dates, gives an annual average cost for 
maintenance. 

Maintenance means the keeping of the pavement in a condition 
practically as good as when first laid. The cost will vary con- 
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whidb it is constructed, but upon the condition of cleanliness 
observed, and the quantity and quality of the traffic using the 
pavement. 

The prevailing opinion that no pavement is a good one unless, 
when once laid, it will take care of itself, is erroneous; there is no 
such pavement. All pavements are being worn constantly by 
traffic and by the action of the atmosphere; and if any defects 
which appear are not repaired quickly, the pavements soon become 
unsatisfactory and are destroyed. To keep them in good repair, 
incessant attention is necessary, and is consistent .with economy. 
Yet claims are made that particular pavements cost little or nothing 
for repairs, , simply because repairs in these cases are not made, 
while any one can see the need of them. 

Cost of Cleaning and Sprinkling. Any pavement, to be con- 
sidered as properly cared for, must be kept dustless and clean. 
While circumstances legitimately determine in many cases that 
streets must be cleaned at daily, weekly, or semiweekly intervals, 
the only admissible condition for the purpose of analysis of street 
expenses must be that of like requirements in both or all cases 
subjected to comparison. 

The cleaning of pavements, as regards both efficiency and cost, 
depends (1) upon the character of the surface; (2) upon the nature 
of the materials of which the pavements are composed. Block 
pavements present the greatest difficulty; the joints can never 
be perfectly cleaned. The order of merit as regards facility of cleans- 
ing, is: (1) asphalt, (2) concrete, (3) brick, (4) stone, (5) wood, 
(6) macadam. 

Cost of Service and Use. The annual cost for service is made 
up by combining several items of cost incidental to the use of the 
pavement for traffic — for instance, the limitation of the speed of 
movement, as in cases where a bad pavement causes slow driving 
and consequent loss of time ; or cases where the condition of a pave- 
ment limits the weight of the load which a horse can haul, and so 
compels the making of more trips or the employment of more 
horses and vehicles; or cases where conditions are such as to 
cause greater wear and tear of vehicles, of equipment, and of 
horses. If a vehicle is run 1500 miles in a year, and its main- 
tenance cost $30 a year, then the cost of its maintenance ner 
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mile traveled is 2 cents. If the value of a team^s time is, say 
$1 for the legitimate time taken in going 1 mile with a load, 
and in consequence of bad roads it takes double that time, then 
the cost to traflBc from having to use that mile of bad roadway is 
$1 for each load. The same reasoning applies to circumstances 
where the weight of the load has to be reduced so as to neces- 
sitate the making of more than one trip. Again, bad pavements 
lessen not only the life service of horses, but also the value of their 
current service. 

Cost for Consequential Damages, The determination of conse- 
quential damages arising from the use of defective or unsuitable 
pavements, involves the consideration of a wide array of diverse 
circumstances. Rough-surfaced pavements, when in their best 
condition, afford a lodgment for organic matter composed largely 
of the urine and excrement of the animals employed upon the road- 
way. In warm and damp weather, these matters undergo putre- 
factive fermentation, and become the most efficient agency for 
generating and disseminating noxious vapors and disease germs, 
now recognized as the cause of a large part of the ills afflicting 
mankind. Pavements formed of porous materials are objectionable 
on the same, if not even stronger, grounds. 

Pavements productive of dust and mud are objectionable, 
and especially so on streets devoted to retail trade. If this par- 
ticular disadvantage be appraised at so small a sum per lineal foot 
of frontage as $1.50 per month, or 6 cents per day, it exceeds the 
cost of the best quality of pavement free from these disadvantages. 

Rough-surfaced pavements are noisy under traffic and insuffer- 
able to nervous invalids, and much nervous sickness is attributable 
to them. To all persons interested in nervous invalids, this damage 
from noisy pavements is rated as being far greater than would 
be the cost of substituting the best quality of noiseless pavement; 
but there are, under many circumstances, specific financial losses, 
measurable in dollars and cents, dependent upon the use of rough, 
noisy pavements. They reduce the rental value of buildings and 
offices situated upon streets so paved — offices devoted to pursuits 
wherein exhausting brain work is required. In such locations, 
quietness is almost indispensable, and no question about the cost 
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TABLE XVIII 

Comparative Rank of Pavements 


Chabactbristics 

Variety 



Asphalt (sheet) 










Asphalt (block) 










iConcrete 







Value 




Macadam (bituminous) 



Qualities 

(per 





Macadam (water-bound) 


cent) 






Bnck 












iGranite 











iSandstone 











Wood 

Low tractive resistance 

20 

20.G 

19.0 

18.0 

19.0 

11.0 

18.0 

12.0 

14.0 

20.0 

Service on grades 

10 

3.0 

3.0 

7.0 

4.0 

8.0 

9.0 

10.0 

10.0 

2.0 

Non-slipperiness 

5 

1.5 

2.5 

4.0 

2.5 

4.5 

3.6 

3.5 

5.0 

2.0 

Favorableness to travel 

5 

5.0 

4.5 

3.5 

4.0 

4.5 

3.5 

3.5 

4.0 

4.5 

Samtariness 

10 

10.0 

9.0 

7.0 

8.0 

3.0 

8.0 

6.0 

70 

9.0 

Noiselessness 

3 

2.5 

2.5 

2.0 

2.5 

2.5 

1.5 

1.0 

1.5 

3.0 

Minimum dust 

3 

2.5 

2.5 

2.0 

2.0 

1.0 

2.0 

1.5 

20 

2.0 

Ease of cleaning 

5 

5.0 

6.0 

3.5 

4.0 

1.0 

3.5 

1.5 

1.5 

5.0 

Acceptability 

4 

3.5 

3.5 

2.5 

3.0 

1.5 

2.5 

2.0 

2.5 

4.0 

Durability 

15 

7.5 

8.5 

6.0 

3.0 

1.5 

10.0 

15.0 

14.0 

11.5 

Ease of maintenance 

5 

3.6 

4.0 

3.0 

3.0 

2.5 

4.0 

4.5 

5.0 

5.0 

Cheapness (first cost) 

10 

4.6 

4.0 

6.0 

7.5 

10.0 

4.0 

3.0 

3.5 

3.0 

Low annual cost 

5 

1.5 

2.5 

3.0 

3.5 

1.0 

4.5 

5.0 

5.0 

5.0 

Totals 

100 

70 0 

70.5 

66.5 

66.0 

52.0 

74.0 

68.5 

75.0 

76.0 

Approximate first cost 











(dollars per sq. yd.) . . . . 


2 30 

2.65 

1.85 

1,35 

1.00 

2.66 

3.25 

3.00 

3.45 


When an investigator has done the best he can to determine 
such a summary of costs of a pavement, he may divide the amount 
of annual tonnage of the street traffic by the amount of annual 
costs, and know what number of tons of traffic are borne for each 
cent of the average annual cost, which is the crucial test for any 
comparison, as follows: 

(1) Annual interest upon first cost and sinking fund. . . $ 

(2) Average annual expense for maintenance and 1 onewal . 

(3) Annual cost for custody (sprinkling and cleaning). . . , . . 

(4) Annual cost for service and use 

(5) Annual cost for consequential damages. ... 

Amount of average annual cost 

Annual tonnage of traffic . . 

Tons of traffic for each cent of cost 

Gross Cost of Pavements. Since the cost of a pavement 
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roadway, the extent and nature of the traffic, and the condition 
of repair and cleanliness in which it is maintained, it follows that 
in no two streets is the endurance or the cost the same, and the 
difference between the highest and lowest periods of endurance 
and amoimt of cost is very considerable. 

Comparative Rank of Pavements. In Table XVIII is given 
the rank of the various pavements in percentage, prorated from 
the values assigned in the first column to the desired qualities. 
The pavement ranking first in any given quality is given the 
full value for that quality, the others grading down from this 
value according to the extent to which they possess the desired 
quality. An examination of the table shows macadam to be the 
cheapest; least durable, and most difficult to maintain and cleanse; 
rather favorable to travel; comparatively low in sanitariness; and 
high in annual cost. While the table may be used as an aid in 
determining the most suitable pavement according to the factors 
that are susceptible of a numerical value, the values assigned must 
be modified 'by local conditions; first cost vill necessarily vary in 
different localities, and certain factors will be more important in 
one locality than another. 

Specifications. A specification or detailed description of the 
various works to be carried out always is attached to a contract, 
and is prepared before estimates are called for. The prominent 
points that are essential to the production of a specification that 
will fulfill its purpose properly, are: (1) description of the work; 
(2) extent of the work; Q]) quality of the materials; (4) tests for 
the materials; (5) delivery of the materials; (G) character of the 
workmanship; (7) manner of executing the work. 

Attention to these points and a clear and accurate description 
of each detail (leaving nothing to be imagined) not only will 
contribute materially to the rapid and efficient execution of the 
work, but will avoid any future misunderstanding. E\’ery item 
of the work should be allotted a separate clause, for confusion 
must ensue when a single clause includes descriptions of several 
matters. 

As a rule it is undesirable to insert in specifications any dimen- 
sions or weights that can be shown on the drawings. However, 
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of numerals; the use of numerals, and particularly decimal numbers, 
should be avoided, as there is a risk of having them set up incorrectly 
by the typesetter and overlooked in the proofreading. When a 
numeral is used it should be followed by the word or words indicat- 
ing the numeral, placing the numeral in parenthesis. 

Brevity, so far as it is consistent with completeness, should 
prevail, but the word '^et cetera’' should be excluded rigidly, and 
the matters covered by it should be defined clearly. Neither should 
important points of the work be dismissed with the direction that 
"'tiie work shall be done to the satisfaction of the engineer”. A 
direction of this kind usually implies that the engineer does not 
know what he wants, and therefore leaves the matter to the superior 
knowledge of the contractor — an attitude not very creditable to 
the former. The only really legitimate use of this phrase is in a 
general clause referring to the whole of the work. 

The specifying of impracticable sizes of materials must be 
avoided as it causes unnecessary discussion and frequently leads 
to a charge for ^^extras”. 

A clause or phrase permitting the furnishing of alternative 
materials or workmanship should be excluded, because such per- 
mission affords ground for dispute and difference of opinion. On 
the other hand, specifying that certain articles manufactured by 
a particular firm shall be used should be avoided, as it suggests 
unfairness on the part of the engineer, and may create the idea 
that his selection is not without profit to himself. 

With regard to the actual methods of carrying out tlie work, 
the contractor should not be tied to any particular means of effecting 
the required end, unless special circumstances require it, for, pro- 
vided the materials and workmanship are satisfactory, it is better 
to allow the contractor to use his own discretion as to the manner 
of producing the required result. 

While the standard and proper tests for the materials always 
should be stipulated, yet if they are carried to an extreme degree, 
as frequently happens, they defeat their own object. When it 
becomes impossible to carry out certain unreasonable demands, 
the alternative is to evade them as much as possible; and it must 
be borne in mind that the more stringent the demand, the greater 
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Contracts. A good, clear, and comprehensive contract is a 
difficult thing to write, but it should be "'common sense"' from 
beginning to end, and should be the joint production of both engi- 
neering and legal ability, neither sacrificing the one feature to the 
other. 

The stipulations of the contract form the legal part of the 
document and are distinct from the technical description of the 
work to be done. The essential points are: (1) time of commence- 
ment; (2) time of completion; (3) manner and times of payment; 
(4) prices for which the work is to be performed; (5) measurements; 
(6) damages for noncompletion; (7) protection of persons and 
property during the prosecution of work; (8) such special stip- 
ulations as may be required for the particular work that is being 
contracted for. 

It should be borne in mind that the contract and specifications 
when duly signed by the parties interested, is a legal document, 
which must be produced in court in the event of a dispute arising, 
therefore, it is of the utmost importance that it be written clearly 
in simple language, the clauses being arranged in logical sequence, 
and the descriptions made exact and complete without being need- 
lessly verbose. 

High-sounding phrases, and duplication of statements or infor- 
mation, should be avoided as tending to confusion. Specifications 
are seldom judged by literary standards of excellence, therefore, 
words may be repeated again and again if they express the meaning 
of the writer more clearly and forcibly than an alternative w^ould do. 

In the case of a lengthy contract and specification, a complete 
index with the clause and page numbers will be found an aid to 
finding quickly any required subject; cross references may some- 
times be introduced with advantage. 




REVIEW QUESTIONS 


ON THE SUBJECT OF 

PLANE SURVEYING 

PABTI 


1. Explain by a diagram how to erect (with the tape alone) 
a line at right angles to a given* line. 

2. The sides of a triangular field are 826,432 and 529 feet. 
Find the area of the field in acres, roods, and square rods. 

3. Find the area of a triangle whose sides are 31, 40, and 
55 rods. 

4. Given in Fig. 14, CB = 2.85 chains, CD = 3.67 
chains, CS = CL = 0.52 chains, and LS = 0.75 chains. Cal- 
culate the area of the triangle BCD, 

5. A certain line is known to be 530 feet in length, but 
when measured with a certain tape is found to be 533| feet in 
length. Determine the true length of the tape. 

6. A certain field is measured with a Gunter’s chain and 
is found to contain 5.73 acres. It is afterwards discovered that the 
chain is iV of a foot too long. Find the true area of the field. 

7. If a line as measured is found to be 432f feet in length 
and it is afterwards discovered that the tape is too short by J of a 
foot, what is the true length of the line? 

8. A level bubble has a radius of 130 feet and its scale 
has 10 spaces in an inch. What error in leveling will result at a 
distance of 275 feet when the level bubble is U spaces out of level? 

9. At a distance of 150 feet, two rod readings were 3.704 
and 3.745 and the bubble moved over J inch. Determine the 
radius of the bubble tube. 

10. What error in leveling will result at a distance of 123 
feet if the bubble is 2| spaces out of level, the scale of which has 
7 snaces in an inch, the radius beinff 176 feet? 



REVIEW QUESTIONS 


ON THE SUBJECT OF 

PLANE SURVEYING 

PAST n 


1. Give a detailed description of the transit. 

2. Give the reasons for each of the adjustments of the transit. 
Draw a diagram in each case. 

3. Describe fully in their order how to test the adjustments of 
the transit. 

4. Describe fully in their order how to make the several 
adjustments of the transit. 

5. Define the following: Latitude of a station; longitude 
of a line; double longitude; departure. 

6. Explain the use of double longitudes. Draw a figure, 
and explain how latitudes and departures may be gotten from the 
length and bearing of a line. 

7. In order to find the difference in height of two peaks M 
and N, a base line AB was laid off 5,000 feet long; and the hori- 
zontal angles BAM = 120° 30', BAN = 49° 15', ABM = 40° 35', 
and ABN = 95 07', were read. At A, the angle of elevation of 
M ^vas 17° 19', and the angle of elevation of N w'as 18° 45'. Com- 
pute the difference in the height of the two peaks. 

Ans. M is 220.59 feet above N . 

8. Draw a figure, and deduce a general rule for the doubl(‘ 
longitude of any course in terms of the double longitude and 
departure of the preceding course. 

9. Explain what is meant by balancing a survey. 

10. Describe fully how the latitudes and departures of a 
series of courses may be balanced, and how to determine the 





REVIEW QUESTIONS 

ON THE SUBJECT OF 

PLANE SURVEYING 

PAKT m 


1. Let it be required to prepare a table of declinations for 
July 16, 1904, for a point whose latitude is 38° 30', and which lies 
in the ''Eastern Time’’ belt. The sun’s apparent declination at 
Greenwich Mean Noon for that date is 21° 24.3' and the hourly 
change is — 24" .38. 

2. Explain the term "adjusting the triangle” and why 
adjustment is necessary. 

3. A certain grade line has a fall of 12.5 feet in one-half of 
a mile. Determine the percentage of grade and the vertical angle 
corresponding to it. 

4. In Fig. 103 given BC = SS5 feet; A^C = 70°05'; 
ACB = Q3° 28'. Calculate the length of BD and the length of 
ADj and plot the figure accurately. 

5. It is required to determine the linear convergence for a 
township situated in latitude 43° 18' north. 

6. In your own words describe fully the adjustments of the 
plane-table in their order. 

7. Explain under what circumstances the transit and stadia 
may be used and when the plane-table may be used. Enumerate 
the advantages and disadvantages of each instrument. 

8. In Fig. 95 the scale reading was 3^ and the reading of 
the head 26. Determine the grade of the line AB. 

9. A line is to be run at a grade of 4.75 per cent. Explain 
fully how this would be done with the gradienter. 

10. In your own words describe the plane-table and its uses; 
its advantages and disadvantages. 

11. Explain fully the organization of a topographic party 
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REVIEW QUESTIONS 


ON THE SUBJECT OF 

PLOTTING AND TOPOGRAPHY 


1. What scale of map and what general method of field work 
would you adopt for surveying and plotting the smaller details 
of topography? Give reasons. 

2. Define a contour. What is a contour interval and what 
conditions determine it? 

3. Describe '^hachures’’ and the principles on which they 
are drawn. 

4. How would you determine contours on a small area if 
only a tape, rod, and hand-level were available? Explain why. 

5. The elevations of two adjacent points are 68.2 and 87.9 
feet, respectively; the points are 90 feet apart horizontally; locate 
the five-foot contours between them. 

6. Vertical angles taken to the 6-foot and 1-foot marks on a 
rod held vertically gave the angles -3° 23' and — 4*^ 07', respect- 
ively; 

(a) what is the true horizontal distance from instrument 

to rod? 

(b) what is the relative elevation of the ground at the rod 

and the telescope? 

(c) how much would the horizontal distance be altered 

by a change of one-half minute in either vertical 

angle? 

7. What are the disadvantages of the gradienter which do 
not apply to the stadia method? 

8. What are the limitations of the stadia method? 

9. What are the three shortened methods of '^reducing” 
stadia observations? 

10. Describe the method of making a ^ ^simple conic pro- 
jection. What portion of the resulting map is correctly repre- 
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REVIEW QUESTION 

ON THE SUBJECT OF 

HIGHWAY CONSTRUCTION 

PART 1 


1. What are the essentials necessary for successful con- 
struction of bituminous coverings? 

2. What data is necessary to design intelligently the size 
of culverts? 

3. Discuss the preparation of the foundation of a road. 

4. What is meant by resistance to traction and resistance 
to rolling? 

5. What are the essentials of good maintenance and repair 
of broken-stone roads? 

6. Discuss methods of dust suppression. 

7. Discuss the office of wearing surface. 

8. In making a reconnoissance for a road, what points 
should be considered? 

9. Discuss briefly the making of gravel roads. 

10. How are sand roads and clay roads improved? 

11. On what conditions does the location of a road depend? 

12. Describe the ‘^mixing method” of applying bituminous 
covering. 

13. How are broken-stone roads constructed? 

14. What are the principal methods used in construction 
of concrete pavement? 

15. What are the elements entering into the choice of final 
selection of roads? 

16. Discuss methods of compacting broken stone. 





REVIEW QUESTIONS 

ON THE SUBJECT OF 

HIGHWAY CONSTRUCTION 

PART n 


1. What are the advantages of granite-block pavement? 

2. Draw a section showing proper construction of stone- 
block pavement. 

3. What are the essentials of a good foundation? 

4. What are the important conditions to bear in mind in 
fixing grades? 

5. What substitutes may be used for pavement in country 
districts where funds are insufficient for constructing street pave- 
ments? 

6. What are the disturbing forces that the curb has to 
resist? 

7. What should comprise the essentials of a set of speci- 
fications? 

8. What qualities are essential to a good pavement? 

9. What are the essential points in a contract? 

10. What are the materials generally used for foot paths? 

11. Give the methods used for making roads passable during 
the period of snow fall. 

12. What are the advantages claimed for asphalt blocks in 
comparison with a continuous sheet of asphalt? 

13. Discuss the laying of asphalt pavement. 

14. What governs the waterproof qualities of stone-block 
pavements? 

15. What are the advantages of asphalt pavement? 
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cross-section 49 

New York 47 

Philadelphia 41 

‘setting up” the instrument 61 

stadia 127 

tachymeter 111 

tape 16 

theodolite 111 

transit 104 

transit-theodolite 111 

Vernier 31 

Isogonic lines 76 

L 

Latitude difference 88 

Latitude of Ftar 148 

Latitudes and departures 88 

Leveling rod 41 

Levels 

bmocular, Gurley 60 

dumpy 58 

hand-level and clinometer, Abney 39 
Locke’s hand 37 

monocular hand, Gurley 61 

precise spirit 60 

Wye 60 

Location of roads 288 

reconnoissance 289 

instruments 290 
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Location of roads (oontinued) 

points to consider 289 

selection, final 298 

elements entering into 298 

grade problems 309 

gradient 307 

location, final 306 

mountain roads, treatment of 302 
profile, construction of 307 

repose, angle of 308 

roads, alignment of 303 

typical cases, treatment of 299 
survey, preliminary 291 

bridge site 298 

features 291 

map 296 

memoir 298 

topography 291 

Locke's hand level 37 

Longitude difference 88 

M 

Magnetic declination 75 

Magnetic needle 77 

Meridian, laying out with transit 147 

Meridian plane 75 

Miscellaneous pavement 442 

burnt clay 442 

chert 442 

clinker 443 

iron 443 

kleinpflaster 443 

oyster-shell 442 

petrolithic 443 

slag 442 

straw 442 

trackways 443 

Miscellaneous street work 444 

curbstones and gutters 447 

footpaths 444 

foundation 444 

materials 445 

slope, cross 444 

surface 444 

width 444 

Mountain roads, treatment of 302 


Page 


N 

Nature-soil roads 350 

earth 350 

sand 353 

sand and gravel soils, application 

of oil to 354 

sand-clay 353 

New York rod 47 

0 

Office work 228 

farm surveys from field notes, 

plotting 232 

field notes, reduction of 232 

lettering 250 

line, border 251 

maps by projection, plotting 237 

observations, reduction of 228 

paper, drawing 251 

profile from level notes, plotting 234 

signs, topographical 248 

stadia from survey notes, plotting 236 

three point problem 244 

P 

Pantograph 259 

Parallax, instrumental 54 

Philadelphia rod 41 

Plane surveying 1 1 

azimuth 97 

chaining on slopes 18 

farm 85 

field notes, keeping 30 

leveling 64 

cross-sectioning 69 

profile 67 

measurement, base 173 

meridian, true 1 02 

compass, to determine; by 103 
transit, to lay out with 147, 153 
off-sets and tic-lines 27 

public land surviys, Unitiid 

States 168 

relocation 82 

bearing of one lino to another 83 

resurveys 97 
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Plane surveying (continued) 

stadia in field, use of 132 

tape or chain, use of 16 

transit, problems involving use of 157 
traversing 121, 188 

Plane-table 182 

adjustments 184 

construction lg2 

intersection, method of 189 

topographical surveying, in 201 

traversing, method of 188 

use 187 

Plotting and topography 211 

definitions and outline of work 211 
drawing instruments 252 

mapping, topographic 213 

office work 228 

polar planimeter, theory of 261 

Plotting farm surveys from field notes 232 
Plotting of maps by projection 237 

polyconic 241 

simple conic 238 

simple conic modified 240 

trapezoidal 238 

Plotting profile from level notes 234 

Plotting stadia from survey notes 236 

Polar planimeter 260 

Polar planimeter, theory of 261 

general rule 265 

motion, radial 262 

radial motion, reversed 262 

sliding and rolling, combined 262 

zero circle 261 

Poles, ranging 50 

Poly conic projection 241 

Preliminary road construction 311 

contour, transverse 312 

contour, width and transverse 311 
drainage 314 

culverts 322 

subsoil 314 

surface 319 

earthwork 331 

Prismatic compass 79 

Projection, plotting of maps by 237 

Protractor 252 
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R 

Reaurveys 97 

Roads, maintenance and improve- 
ment of 386 

broken-stone 386 

improvement of existing roads 387 
systems 386 

traffic census 388 

Roads with special coverings 355 

foimdations 355 

materials 355 

preparation 356 

thickness 355 

• types 357 

road covering, elements of 355 

surfaces, wearing 358 

bituminous-macadam 375 

broken-stone 361 

classification 358 

concrete 383 

function 358 

gravel 359 

thickness 358 

S 

Scales 254 

Secular variation 75 

Selecting pavement 453 

benefit, economic 458 

contracts 464 

cost of pavements, gross 461 

economics, relative 458 

interests affected 454 

problem involved in 455 

qualifications 454 

rank of pavements, comparative 461 
specifications 462 

Simple conic projection 238 

Simple conic projection modified 240 

Solar transit 149 

adjustments 151 

meridian, with, laying out 153 

use of 153 

Spherical aberration 55 

Stadia 127 
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Stadia (continued) 


top<^aphical surveying, in 

199, 201 


132 

Stadia rods 

134 

Stadia dide rules 

260 

Stone-block pavements 

401 

Belgian-block 

403 

blocks, dimensions of 

405 

blocks, manner of laying 

405, 408 

cobble-stone 

403 

cushion coat 

407 

foundation 

407 

granite-block 

404 

joints, filling for 

408 

materials 

402 

granite 

402 

limestone 

403 

sandstones 

403 

trap rock 

403 

ramming 

408 

stone pavement, steep grades on 410 

Straight-edge 

256 

Street cleaning 

449 

methods 

449 

snow, removal of 

451 

sprinkling 

453 

Streets, drainage of 

397 

catch basins 

398 

gutters 

397 

surface 

397 

Suppl 3 dng omissions 

96 

Surveying 

11 

geodetic, triangulation, or trigo- 

nometric 

11, 203 

plane 

11 

topographical 

189 

triangulation, trigonometric, 

or 

geodetic 

203 

T 


Table 


different road materials, propor- 

tionate rise of center to 

width of carriageway 313 

effects of grades a horse can draw 

on different pavements 285 


Page 

Table (continued) 

grades, methods of designating 308 
gross loads for hoi'se 

on different pavements 285 

on different grades 286 

life of various pavements, terms 

of 457 

loaded vehicles over inclined 

roads, data for 287 

map construction, dimensions and 

co-ordinates for 274, 275 
paving-brick manufacture, aver- 
age composition of 
shales for 412 

rank of pavements, comparative 

rank of 462 

resistance due to gravity on dif- 
ferent inclinations 281 

resistance to traction on differ- 
ent pavements 456 

resistance to traction on road 

surfaces 278 

rise of pavement center above 
gutter for different pav- 
ing materials 397 

stadia readings, horizontal dis- 
tance and elevations 
from 266-273 

stones, specific gravity, weight, 
resistance to crushing, 
absorption power of 402 
street cleaning, rate and cost of 451 
traction power of horses at dif- 
ferent velocities 283 

tractive power with time, varia- 
tion of 284 

traffic census 388 

wind pressure for various vehicles 288 


Tachymeter 

111 

Tape 

16 

Telemetry 

222 

method, gradienter 

224 

method, stadia 

225 

method, vertical arc 

222 

Theodolite 

111 

Topographical mapping 

213 

contours 

215 



INDEX 


7 


Page 

Topographical mapping (coptinued) 


contours, determination of 219 

contours, plotting 220 

maps, large scale 213 

maps, small scale 214 

stadia measurements, numerical 

accuracy in 226 

telemetry 222 

method, gradienter 224 

method, stadia 225 ‘ 

method, vertical arc 222 

Topographical signs 248 

Topographical surveying 189 

field operations, method of con- 
ducting 199 

instruments 202 

method 192 

photography 202 

plane table and stadia in 201 

transit and stadia 199 

Transit 104 

adjustment 112 

construction 104 

engineer's 111 

horizontal angle by, to measure 117 
notes, keeping 124 

omissions, supplying 165 

probk'ms involving use of 157 

alignment, obstacles to 161 

perpendiculars and parallels 157 
series of lin(‘s by, to measure 118 

“set up,” to 117 

solar 149 

surveyor’s 1 1 1 

taehymot(*r 111 

theodolite 111 

topograplucid siirv(‘ying, in 199 

tran.sit-t.h(‘()(l()lit(‘. Ill 

trav(‘rsiiig 121 

trav(‘rs(‘, elK'cking th(‘ 124 


Transit-theodolite 

Page 

111 

Trapezoidal projection 

238 

Traverse, checking the 

124 

Traversing 

121, 188 

Triangulation 

' 203 

angles, measuring 

205 

base line, measuring 
radiating 

204 

207 

triangle, adjusting the 

209 

True meridian 

102, 147, 153 


U 

United States public land surveys 168 


V 

Vehicles, resistance to movement of 277 


air, resistance of 288 

friction, axle 287 

power and gradients, tractive 283 
traction, resistance to 277 

Vernier 31 

W 

Wood pavements 425 

blocks, laying 427 

creosoting 425 

qualifications 430 

W 3 'e level 51 

aberration, chromatic 55 

aberration, spherical 55 

adjustments 55 

axis of bubble-tube 56 

axis, vertical 57 

eross-hairs, replacing 57 

rolliination, line of 54 

parallax 54 


Note — For page nunibrr)} hvc foot of pages. 



